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ON THE CONSTANCY OF TA14GENTIAL RUPTURE IN A
RAREFIED PLASMAI

L. D. Pichakhchi

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

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

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

an adequate constancy condition, and for a special case, when the Jump Is experienced I

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-

hydrodynamic equations by Chu, Gol'dberg and Lou (1-3):

where of da dx1  4=H OXh+ 4=

*Pi* ~~ p1 i * P.
'k-Pjt + lvpv ,(3

ammjotlvH], dlvH -0, E=-- [VlJ, VF
at C

d (P 0  2(= o 6

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

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

- pvh i~. 2 H~

Q=-pv(vs+± +Lj-Ln7P.(v)+IHIVHII, (7)

*wherej. (p,*#j PV) -sought for internal energy of the plasn'a. Having

expressions (6) and (7), -:.he known method (4,5) we obtain easily the conditions

for tangential rupture: v, , H.r -0, O
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The manette field H and speed V lie in the rupture area and experience arbitrary

Jumpee Density jumpas and pressure anisotropy a a pl - piare also arbitrary, and

the Iwessure plis connected with the m.Cetic fiel4 by the relationship (9).

The investigation of constancy of t -nmential rupture will be conducted by a method,

which was utilized in[43 in caze of magntic hydrodywr4cs %:ith scalar prescure e

At small disturbances of the stationary tnrigential rupture in the case of arbit-

rary ReY9? and also as in&I it is possible to obtain such conditions for eccitations

* on the surface of separations

03/.

1, + (Hh,, + H 0,) 0.
4=

where v' , h', ps - small ecitationa of vwlues v,*Hp pI ,'whereby a system of x

coordinates was derived, bound -with the surface of the stationary separation with

axis x directed along the normal to the surface; xi - small displacement value of

the surface of separation alcn axis x! the figurative little bows here and further

on desienate the difference of the clored in them value on both sides of the separa-

tion surfaces

Ve linearize the system of equations (1) - (5). To solve

exp i (kr--t) (ci)

we obtain such a system of linear equations& . ,-- -I

a ko u ) 2 !!! u 0

* " . (kv').wo, , ' ()
(ku') .= 0, V.)ou''+ (kou) v'- (kv') u =O, (6)

"o( a' +PI +20'.3u"_
d+P Us

PI,-TT+63----/.*-o.



Here are Introduced designations "W = - (kov), u = 0_-- u', a' -small excitations

of values u, a; ko(O,ky,ks)-true instantaneous vector at the plane of separation.

In writing equations (12)-(17) are included conditions (8).

Eliminating solutions We= 0, which offer true values and can therefore not

lead to inconstancy, and eliminating v1, we will obtain:

•k~u) ' [uu'- (p' +puu'jk-
P-['-_,,7 pit (ku)j '

4 t) (/9)F
L. ,- -s i )- . o (20s)

NO @w O

p . U, u 0
01 + +2 1+ !-3 1+1)lb (a0.
a aa)ua

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 etuations for the

unknown e {; f . The characteristic determinant of this system is equalized

to zero and we obtain equations which bindul and ks

w -2 [k~us (I+ 2P +(kaur(2A +P)l + (2.)
+ (ku)'- !0U (3A +3P+6AP+5Ps) - (kou (3A 2+9AP+5P1)) =6

where a p

A-- (22a)
PU! PUP

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: V. ,s V, 4 '= w±-. (Z,)

where "

a D= u 1' 2P.- IA2(2A +P)J.
Ft V, D [A '-.3P +} 6A P + 5P2 ... I (3A2 + 9AP +-S- .

It.should be rointed out, that the velocities Vs and Vf - actually values,

for which it is necessary that
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Carmlex values V,' or Vf would indicate, th-t the plasna is uzstable with respect

to wall excitations X2961. Irrespective of the Ic.o.ential separation (rupture),Fron

such cusiderations we will ass3o as fulfilled the conditions at which to the actual

values k in equation (22) corre-nond actual value/s o.From it undor cuch conditions

should arise the condition of nositivencss of the free monber in (22). Including (24)

this gives: sA+3P- 6AP.+5P,>o.

Instability can be causea only .y ccplex values kX (we ass=na that ks-actual value).

'e will take z - component of equa.tion (18) and utilizing boundary conditions (10)

which tor Lolving (fl),c-tter inclusion'of x± gives

• {) '+puu') = , (I (k~u)) -0, Ct i-)
we will obtains

From equation (22) we find 1c. and subetitufe in (26)

,, -( -;..'r pO,.(2A,+P. - p-,, (.3Ai+9A3 -1+5P

f ~ V ,V.'+P jqU(3A ,+3P. +M1SPj+5P2,)
V~rNI-A 7-( V IV.I)

0 U- 
t~4(A+jqi(A+42&54

where V - The simns Ick and 1C2 were selected so that the excitations remained

finite at an increase i .nx , whereby it is also necessary to place a requiremnt,

that the true parts of the radicals should be positive. At any values of parazeters,

equation (27) for V may have complex roots with positive iminary art, which will

indicate inconstancy of separation (rupture). :quation (27) can be written,by intro-

ducing speeds V. and 7 as ell as

V~ IAP 5-
(we like to point out tt ith respect to foraulas (2L)-aM(25) V, and'm actawl

(z ,,z~) )_ ±~) _V-,1:.,, -..... ,_, .......values) in form of , V (V-,Is,-- j--v,v.+.,) V +

• T~bTT.;-'-_ VJ- v., v,,+ ,)( V-I,,,- Y;,)(,,jV -

. ... .. . + 1 4



.1e will present (29) in a sqe and brine it into form of

(V-vv, Ve)(Va~i V.. (V~e, VW7( viv + V1O) X
X(V- i,,, - V.JV-4V$+.J(.+v ,V, VAY(V-V,+v,,F (

V," -, V )(v- v, ,)(V-V,,, - v,,)(V.-,,v,+ S i')X
.V-V,-,(v (V--- ,, w,, ,),(V _w,,+VA,)a.

I ow is possible to exwess such adequate cordition of t ac:tici separation con-

*;eJ will arrange all speeds -v1 +*Vsl - 1 v 1 .-Vs 1 ... - 22-2 22sh. " 1 -

VA19 which are included in (30) in the 'order of their increase. Since the speeds*

included in t,e left half of the equationgalternate with the velocities,included in

the right half, and in addition they alternate and are *mtiple* of velocities 9272

+ VA.. -,A - VA. of the left half with the ,=iltile. velocities ., V. .

oVA of the riCht half of the equation, then all roots of equation (30), and also

equation (27), will be actual and the tamnential separation (rupture) will be con-

stant.

:-Text we will inve!:tigte equation (27) for the case -:hn .- ctors Vlv 2 ,ul,u2 are par

loll, when -71 ="2 Ul, (2~

0 For criall values ,- Ginaury roots V, if they do e::ist, tend toward zero with

consequeitjly the second mcrber under the radical equalliiZ unity can be disrecpr-

ded. *.e o&tain equations

from which it is evident,that separation (rupture)will be constant upon fulfillmint

of condition

In case of arbltrary e will limt the class of separations by an additional 4

requirement (s,5.5

5jaa t . ,A P

YTI6S-W +



and vill introduoe a hystem of coordinaten, in .ihich
_ __ v.-- _. (,J3 ,)

2 2' 2

In thi- case it vill be convenient to utilize equation (29),in iihich should be

added d=1. V.,=r'2 - ;, ,1,= 12  T' mV V

A A1 V- A2 - VA, V,. L , V* 3 == '

When V 0 f" .seleration- (D) co-"itionz (32) trafor2 into condition

VA >~
2

In the other boundar cae I e1 u titon (29) (in which conditions (54) are inclu-

ded after after increasin into squaregprovided we eliznate the true roots cGj a 0

andc.T, V transfors into

A U(T .)+ VV0=.O,
where

V- (.+ , u11/ 3 (A+P-( 1  P,- A- (d

.. .. 1 - - , >.{'-e ill divide (36) into V4 and introduce designations: TV2 Va

P2. in2 1 2 S njuui ,.y>V.
.2P)(3A+3P)' 0 ' 2  > 01.

we will obtain

a.- 0(2x( + A') 2  +'I 43 7)

=q-ation (37) has ..urely im,-inary roots,because

(I_ yo, ,,- al) < 0. .,
and camplex roots, because

To the inequalities (S) and (39) should be added ineqeuality

which is the rezUlt of ia.equaUty (25).

A direct check will ccnvincesthat the valuos alpha and beta ,which satisfy in

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

PT0-M 3-8A264



of actual prts of radicals in (27) is not fulfilled here. In this way the inconstancy

ray eriG~nate only for alpha and beta vlucs which do satisfy the inequwlity (38).

On the drawing are hcwn zones of inconstant separation (hatched by horizontal lines)

for wo valuea r 0,11 le;or C1zna.0 this zone is contracted into the section of

ctraiaht beta a le On the drawing is drawn a straiCht line alpha = beta which se.mrates

tho constanc zone frac the inconstancy zone (hatched by vertical lines).of senration

for 9 a Oe
"We shall now discuss intermediate values

'I 0< 44 1 :ccitations, corresoonding to these

values %A can be considered as zuper2ositioA

of two excitationsghich correspond to values

(.41 .v a 0 and v = 1. Considerina the fact that

equation (10), (12) - (17) are liner,solu-

tionA for each one of the eaitations will

4651 117 1.41 be indepebdent and in ageement with the

already obtained for v a 0 and v 1. Furthernore, figuing, that not the value of

excitation amlitudsenor absolute values k O affect the found zones of instability

then for ar arbitrary 01_ '4 1 both zones exist toCether. For o-le, ;hen g :l

the instability zone will be the entire hatched part of the area alpha and beta

(see draw .g

In conclusioM I Want to ex,ess sincere than1ks to profoV.L.German for the wrk

proposed b him
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