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ON THE CONSTANCY OF TANGENTIAL RUPTURE IN A
RAREFIED PLASMA '

By
L. D. Pichakhchi.

On the basis of magnetohydrodynamic equations of Chu, Gol'dberg and Lou have

' been analyzed problesm concerning the constancy of tangential rupture in a plasma.
° 4

In general, the case of arbitrary parameters, which characterize the rupture obtained

an adequate constancy condition, and for a special case, when the jump is experienced:

only by the speed of the plasma, a zone of constancy was attained.

We like to point out that the plasma is described by a system of magneto- 3
hydrodynamic equations by Chu, Gol'dberg and Lou (1-3)s ' ;

more ""‘+w~§,';, -2 ;:Hi’i'+ Bigee ()
Pu=ptu+E T,—-—H,H.. | (2) |
“"""?-+';.;;;;‘o.'. B €

d‘t. rot[vH], divH=(, Ez—%-[vl'l], | (4) |

L ale Af)e ®

Within the frames of the system of equations (1) - (5) the density tensor

of the pulse flow and the deneity vector of the energy flow have the appearance of:

n ik - P.“”‘+p‘. (I{IH. — "'2-'3‘.H.) (‘)
Q"PV(2+ +—)+£LP‘H(VH)+k[H(vH1], (7)

. . : L P . . @
: »ihere_'g- j— (PL "i‘ ?u) _' _ = sought for internal energy of the plasma. Having
e‘xpre‘ssvions‘ (6) and (7), i -he known method (4,5) we obtain easily the conditions

for tangential rupture: I 'le_ o

{P; +£€} ;'0' ' r




The megnotic f4014 E and speed v lie in tae rupture orea and experience arbitrary
jumps, Density junups@ and pressure anisotropy a ® p, - pare also arbitrary, ond
the pressure Pis connscted with the magmetic field by the relationship (9).

The investigation of constancy of t:ngential rupture will be conducted by a method,
vhich was utilized in[l;] in cace of magnetic hydrodynaries uith scalar prescure o

At small disturbances of the stationary tangential rupturs in the case of arbit;
rary H.v.y and also as 1n&;’] it is pozsible to obtain suéh conditions for excitations

on the surface of separations
. & '3 0%

x-'&—"yb;"'"':é;-oo
% & (o)
k, H,ay H 2 =0,

@ na) =0

vhere v, h'y, p' = =mall excitations of values v H,D= D l osvhereby a system of xyz
coordinates was derived, bound with the surface of thestationary seperation with
axis x directed along the normal to the surface; xi = small displacement value of
the surface of separation along axis xj the fipurative little bows here and further

»
on designate the difference of the closed in them value on both sides of the separa=

tion surface, *

Ve linearize the system of equations (1) = (5). To solve
" expi(kr— ) (11)

ve obtain such a system of linear equations: 1, ., ' : ,
WV’ — ’ (P’ 4 pun’) K - (Kou) (1 - _‘1’) u -
[ . ,

| —Piu,(k.u)(gié—z»‘:‘l';)ui-o. 02y

. . | | (kvf)-;..o:','. " (13)
(ku') =0, L (L))

, 0o’ 4+ (Kgu) v’ — (kv')u =0, 0s)

o) G0
R
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Here are introduced designations s =& - (kov), u =Y'T'_d—x') u', a' -small excitations
of values. u, aj ko(O,ky,kg)-true instantaneous vector at the plane of separation.
In writing equations (12)-(17) are included conditions (8).

Eliﬁinating solutions Wy= 0, vhich offer true values and can therefore not

lead to inconstancy, and eliminating v!', we will obtain:

) ; ‘s Wg l r___l ’ - 4" _
l(ko“) (l —’“,)—(m] u (P’ +pur’) k.

~-—[——(kou)(——-—2 u') "’3 ’J =0, Os)

‘ ) (kous) P D
C 'i.’_'_L'_E'L'zo - (20)
; P 9o ¥ ‘

“+Z +2(1+”)-----3(1+”)__o @D

¢.. -

Formulating equations (18) by k and u, with consideration of (19) we will obtain
together with equations (20) and (21) a system of four uniform eguations for the
'
’unknown -"&"". ;*; f'; £ « The characteristic determinant of this system is equalized

to zero and we obtain equations which bind W and ki

of — 3 (102 (1 2P)+ (ke (24 + P + (22)
ne + (Kqu)® [R%u? (3.4 +3P+6A4P45P% ~— (kou)* (3A’+94P+5P')] =§ "
where
AT P (a4

If in this equation is written that k = ko, it will designate phase expansion
rates of small excitations with instantaneous vectors, which lie in the plane of

separation:

Vie=weV; Vie=wil), . - (23)
where D yi /I‘D E’—= )
b=V 2=V 3-F U=y 3+ 3-F @34)
a8 D=u?[1+2P - u?(24 +P)], ‘
F == 0334 + 3P - 6AP - 5P u’(3A’+ 9AP+5P’T}\

"It should be rointed out, that the velocities Vg and V¢ ~ actually values,
for which it is necessary that

. D,
TR AT (A
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Carplex values V, or Ve would indicats, th-t the plasma 4s unstable with respecs
to small excitations {2_.6]. irrespective of the ‘.;ar.gentia). separation (nipture).h'm
such considerations ve will assumie as fulfilled the conditions at which to the actual

values k in equation (22) correspond actual valuds @) .Prom it undor such conditions
‘should eriss the condition of yosiiivencss of the free nem'ber'in (22), Including (24)

thd ' ‘ | y
s si"f" 34 43P+ 6AP-+-5P* > 0. (zé )

I‘xsta'oiuty can be ceuced only Uy couplex valufs k:t (we assume that kg-actual value),
We will teke x - canpomnt of equ.tion (18) and utilizing boundary conditions (10)
widch for solving (ll).gr‘.er inclusion of xi gives
. (o +ouy =0; {u] (k) =0, (zs®
we will obtains ' ‘ o
‘ {;’ ll".u)?(l*d)—-a}ao, - (24)
= M v
Trom equation (22) we find ky and substituge in (26)
_U—voF —(V—vo,F fui (24, ¥ P) — v B4 +94,P, 5P
#} ((V—vyv )t (14-2P,) — ulul (34,4 3P, +54:Px+51")
P:M”’(‘ ""l) -(V — ":’l)']

Y- V== V-'-Wam—v{mu +um

KV‘?.-.)'(MP.) piui (34,4 3P, 164 P HS5F) -~

. Al — A4 —(V =) on.
where V = Q. The sizns kyy and k,, were selectcd so that the excitations remained

finite at an incre;se 1:\.\::\ » Vhereby it 1s also necessary to place a requirement,
that the1 true parts of the radicals should be positive. At any values of parametcrs,
equation (27) for V may have cauplex roots witfx positive imaginary zart, vhich will
indicate inconstaney of separaAtion (rupture). Zquation (27) can be written,by intro-
ducing speeds V, and V; as well es ' - f

. VampulV T=4, ¥, "‘"‘] /544-3?,: AP+§F (n
(we 1ike to point out thit with respect to fomnlas (<L,) and - (25) V‘ and V - actual ’
values) in form of V—v,¥, -V.D(V-— v.'H- .)(V—v.v.-Vp)(V-v;v 5
l/( l (V=v =V )V = Ve

- ) o e v frim v cwmeew B '

% L——t————“ V.07 VTV = :EE
N 1 T (e o
ad L?!&. m)( V—~ :"-+—ng

(V—vn— VMJ( —vntVa) )
4
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vhere
dm “OVTW‘
A (z7a)
a7e win wesent (29) in a square and bring it into form of 4
(Y=vy, - ,,)(V—v,v,-i-V,,)(V—v,o,—V,.)(Y—v,v,+v,,)x | (30>

| X(V= w0y~ Vo (V — %9, +- Yo (V= Yty = YasP (¥ = 9y b Vit =
‘ : "l(v“"t’a"‘ Va)(V —v,9, 4 'V,,)(:V—-v,v,—V,,)(V~y.v,+yf,))(.
- o . 'x (v- Vit = Vadd (V—y, +- Vo) (V= vy — VARV ~ 9,0, 4 Vau)h,
o llow is i)ossible to express suck adequate cbndj.tion, of taarenticl separation con-
stanoy. |

‘le will arrange al} speedé M V1*Vs10 vlvl-Vs;L... BV~ ap° \72'2‘”52"“ /) “w-
Viye vwhich are included in (30) in the order of their increase. Since the speeds,
includgd in $ze left half of the equation,alternate with the velocities,included in
the right half, and in addition they alternate and are *miltiple® of velocitics 9,7,
L. Y - Vo of the left half with the *mltizle® velocitles vy * VaeVn
- Vjy Of the right half of the equafion. then all roots of equatiom (30), and also
equation (27), will be actusd and the tangential separction (rupture) will be con-.
stant.
Hext ve will investigate equation (27) for the case when . ctors Vy,vo,up,up are par
1@11. vhen 9y "Vg ul 8!1.2 = e | |
) | For srall values e imaginary roots V, if they do exist, tend toward gzero with
4 consetuemtly the second meiber under the radical equalling unity can be disrcgar-
ded, e obtain equations
m,gu 0 —-41)—(' — viy)t] == — gy DR (1 = gy — (17— v0sf7, (51)

o from vhich 1t i1s evident,that separation (rupture)will be constant upon fulfillment |
 of condition . | o | _ - } i
T ‘ ‘ ,‘ ‘ 2l (1 — Ay a1 (1 — 45) — ~—P-’-?~‘- (v,—o,)’ > 0. (32)

. 'In. cQse of arbitrary ywe ;vill 1imdt the class of scparations by an additionmal
h requirenent 3

LERnEe =0,Ze, n=aSu, p=mp=p C;!)

FID=0T=6-182/1+2 5
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i wbedenn AT

and will introduce a system of cocrdinates, in whieh

txs—g!-—- "-—-;—9, vs_":;"l__;g' (\’52)

In thiz case it will be convenient to utilize equation (29),in vhich should dbe

added d=1, . Va=Va=T, V,,.= !lﬂ wl, V=V, ,= Var (3¢)
‘ : l',u=- I"gﬂ"'A. ”x"'-f!. v’=f! .
-2 2

When y = 0 for separations (Z2) co'zdit:.o > (52) transform into condition
ot 39
In the other boundery cese y= 1 ecuztion (29) (in vhich conditions ($4) are inclu-
ded after z=fter incrcasing into s;mare.,provided wé elininate the true roots W = 0
and= ¥ ( .TQ 2V, ), transforns into

veo(ned) i (H-2(Fue @y

VAV V) +FiVa=0,"
vhere o

V=uV3 “4Fp, v, ==u!/3(4+1’) lfﬂ’) Vasmul1—=2 31a)

Ye will divide (26) into Vh and introduce designations: i, W

—F=1-

L =g
o , Vi 7
“Ze 1= Ll % = B2, n-x npuqcuy a, B, 1>0 [-"BD
: (1F2P)(34+3P)’ 4V} i
ve will obtain
| ” G

28— 2¢(1 + B?) + B — 28 ya? +1—y=0.

Zquation (57) has :urely imginary roots,because

(1 —p)1— vl — a3 <0, @9
and coaplex roots, because
492k y(1 = a <O, 3]
To the inequalities (38) and (39) should be added inequality
' 1—v>0, 4 o)

which e the result of inequality (25)
A direct check will ccavince,that the velues alpha and beta ,which satisfy in

equality (39),should be eliminated by the fact, that the positiveness comdition

© FTD=TI-63-182/142° 6
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of notual parts of radicels in (27) is not fulfilled here. In this way the inconstancy
my originate only for alpha and beta valucs which do satisfy the inequality (38).
On the drawing are showa zones of incenstant separation (hatehed by horizontal lines)

for two values g 1mas0,1; l.For pazm «y,0 this zoné is contracted into the section of

streight beta = 1, Cn the drawing is drawn a straight line alpha = beta whic'!{ separai:es

tzc constency zone fraa the inccnstancy zone (hatched by vertical lines) of seperation

for \, = 0,
We shall now discuss intermediate values

* 4 ' 04 2< 1, Sxeitations, correszonding to these

sy - of two excitations,vhich carrespond to values

.
= s w=0oandvy= 1, Considering the fact that

4
f camne 23=
==
J rassil
. iy

-
I

@51 417 441p be indepebdent and in agrecment with the

equation (10), (12) = (17) are linear,solu=~

\
A
JA130130 2
H
233331153

tions for each one of the excitations will

slready obtained for v » 0 and v = 1, Furthermore, figuring, that not the value of
excitation emplitude,nor absolute values k: affoct the found zones of instability |
then for any arbitrary OL v 1 both zones exist together. For oxample,vhen garma a)
the instabLility zons will be the entirs hcitched part of the area alpha and beta

(see arawirg).
In conclusion I wvant to express singers thanks to prof V.L.German for the work

‘proposed by him,
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