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MAGNETIC FIELD CREATED BY HYDRODYNAMIC MOTION
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An analytical expression for a magnetic field created by hydrodynamic motion was obtained. The frequency of the
Larmor is calculated. Analytical expressions of the magnetic field in longitudinal and transverse waves are different.
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Consider a plasma that does not depend on the temperature gradient and hydrodynamic movement
coordinates and VT . Suppose that the distance after \/ (r,t), current flow density will be as follows:
a small onelL :T/‘VT‘. Thus, the change in

temperature in this range is small. J=0oE"+ G'[E'H ]— aVT —ao [Vfﬁ ]
If Ap/p=—VT/T plasma can be stationary, M:l] Tvn
L is plasma density. Create such a weak magnetic Er=E4+L1J__ "~ , e>0
field H in this plasma so that the frequency of the ¢ en
Larmor €, of the electrons was less l/rthan the - A4r . A4r . O =y
frequency of the collision. For a sample with an rotH :TJ :TG{E +;[E H]"'"'}

electric field E, VN is electron concentration, VT | From formula

—

E' = rotA - Z[E*A]+ vT + L[vTH]

dro o o o
or
E*=—° rotH —Q[Lrotﬁ, H}—AE[VTH"]:
Ao o | 4rno o
=% rotH ——Z_[rotH, H |+ A[VTH |+ AVT
Ao Ao

o
Hee A=—, A'=(d'c-ac')/c’
o

From this one we get

@

Write ﬁ =—C IotE in (1)

ﬁ: rot (u+cﬂ,’aT __to —~rotH j H +LrotH +IE+AVT
ot Aro Aro e p

If we exclude secondary members H, we get an expression in the following as
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%—vmvzﬁ —rot[(V —U; +U,)H]=—c rotE’ ¥

Here

crotE’ ZEZ{VZnT,Vﬂ}
e p

iz{Z()/—l)EA—yepa—A+2—y}
op

2

. PP

Vv

m

B Adro

A - dimensionless value, V- Magnetic perception at high frequencies.
2
c o (1l)|cT
U,= oT —|=||=——VInT
Aro dT \o)|eH,
If we consider the longitudinal wave, U and E the function & = kx — ot = k(X - ut) is the speed
of the wave propagation, in this case the speed of sound coincides with the speed of light. The vector U is

directed towards the axis X direction. VT is in the same direction.
Then, when H = H (&, t) and at the initial moment (t=0)

H(£,0)=0,
Then,
oH o°H 0 ,
atl —vaZY;— R%[(U—UT ~U +U;)H, ]=—c rotE
H Lk

2 oH
aHx—vmkza—"';—ki (v-U; -UH-RU,—|=0
ot O o0& o0&

H_L = HJ_oo(‘f)_F Hj_(églt)

0%H 0 OE'
Zﬁ—Rg[(u+uT ~U-Uy)H ., ]=cR T ©)

' 2
oML _, (2 &HL_y 0
ot o0& o&

We integrate the formula (3) by f , choose the equivalent of the initial coordinates

VK

[(b+U; —U)H]=0 @

vok? Bhe f(o+U; ~U -U,)H,, ]=—c rotE"  (const =0)
%_i (U+UT U —Ug)le]Z—L =X
8§ mG ka
_[osUr-U-Ug (U -U-Us
diHme e :_kLE,e e
4 Vm

Here
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_[erUr-U-Us etV -U-Us
iHJ_ooe -[ Kvm __ C E'e J- kv
dg kv,
Ho p{_fU—UT+U3 u dg"}
kv, kv,
“ U+U,-U-U ?
1yt + Y " ’
x [E (c:)exp@ . Ldg }d:
; Ym
Ifchange H' (&,1) = e*' X (&) with U =U (£) , then we get
YAV ' 8U
Vv K X"+ (kU —w; ) X (5)—(k§+ij =0 (6)

or =w—k(U; -U)

We enter a new feature.

X, = Xexp{—ﬁI(U+UT —U)dcf}

ov (L+U; —U)?
{y+k—+( ) }Xlzo

14
vaR op 2v,
X(§) ~e™
If U(g‘z) is a periodic function, then (6) - the Mate- Hill equation.

At U << ‘U —UT‘, The speed of the oscillation is much less than the speed of sound.

X(&) ~e™,

p=-ix(@-awr)-v,R*y* ™
(4) will be

H'(¢.) = [C(r)explizé +utldy

t=0

H'(¢.1)= [C(ne"dy=-H. (9
From here it can be seen that C (;{) H, ig) is Fourier row.

H(J,t) = Hw(g)—% de Td{'Hw(g’)exp{ix[g"—§'+(a)—a)T)t—vmk2x2t]}:

®
=H..()~(4mv,R?%) " | deg'{— (5_4'”"““’“)2}

2
4v Rt
Proportionately H , (VT)?. Therefore, less H | . When determining the electric field, the particle with

a Larmor frequency Q(t) moving in a homogeneous magnetic field, when attenuation, the equation will be in
the following form
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md—vzeE+E *I:I]—Emv\7 )
dt C 2
rotE =~ Eo g 1My
C ot C ot
V - Double vector.
N __2e)H, +ibll:l]—EV\7 (10)
ot mc| ot mc 2
or %% = Q(t), here Q- Larmor frequency.

TR

mC

x =20tV |, + N3, - %vx

X =2Qy + yQ—%vx

1 Z=X+ly (11)
y:—ZQx—Qx—EVy
X : . 1
7=-21007 —1Qz _EVZ or
. .V -
z+|[Q(t)—|ﬂz+2|Qz =0 (12)

The coordinate Z = X + iy and density of the particle perpendicular to the magnetic field. V is
Frequency of attenuation.

Qt) =Q, +Q, cosmt = Qy[l+hcosQ,(L+A)] , A<<1

CONCLUSIONS ! obtained. The frequency of the Larmor was calculated
by this meaning. In longitudinal and transverse waves,

Thus, at VT the analytical expression for a analytical expressions of the magnetic field are
magnetic field created by hydrodynamic motion was  different.
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