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SOUND MODES IN ISOTROPIC MAGNETIC HYDRODYNAMICS

A.A. Stupka 

Oles’ Honchar Dnipropetrovs’k National University, 72, Gagarin ave. 

Dnipropetrovs’k, Ukraine, 49010 

Hydrodynamics of plasma in  magnetic field that has in equilibrium first moment of magnetic induction equal to the zero and sec-

ond moment different from a zero is considered. Equations of ideal magnetic hydrodynamics in such field for adiabatic process are

received. It is shown that a new variable - second moment of magnetic induction is included in the Euler equation, for which time

equation is received on the basis of Maxwell equalizations in the hydromagnetic approach. One-dimension plane waves in this sys-

tem are studied. The values of phase velocities of two transversal and one longitudinal sound waves are received.

KEY WORDS: isotropic magnetic hydrodynamics, second moment of the magnetic induction, one-dimension plane waves, sound 

modes, transversal sound velocity. 
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.

0t div vρ ρ∂ + = ,      (1) 

/ [ , ] /d v dt P B j cρ = −∇ − ,     (2) 

, H B= . ,

4 /rotB j cπ= ,      (3) 

[ , ]tB rot v B∂ = .      (4) 

 (4) , -

, .

 [4 .89] , . . [ , ] /E v B c= − .

 (3)  (2) 

( ) 0t i k ikvρ π∂ + ∂ = ,     (5) 

/ k kx∂ ∂ = ∂

( )2 / 2 / 4ik i k ik i k ikv v P B B Bπ ρ δ δ π= + − − . -

. .

( ) ( )( ) ( )/ / / 2 / 4ik ik i k l l iks
P P s s B B B B

ρ
π δ ρ ρ δ π= ∂ ∂ + ∂ ∂ − − ,    (6) 

-

. ,  (5) ,

i kB B .

(4), kB - . -

 [5 c.439] 

0t i k iklmnp l m n pB B B B vη∂ = ∂ ,     (7) 

iklmnp ip km ln im kp ln il km np im kl npη δ δ δ δ δ δ δ δ δ δ δ δ= + − − . -

2

00
/ 3l m lmB B B constδ= = . -

.  (6) . -

,

( ){ }2

0/ 2 / 4 / 0t i k ik s i k l l ikv v B B B Bδ ρ δ π ρ∂ + ∂ − − = .   (8) 

0ρ  - , ( )2 /s s
v P ρ= ∂ ∂  - -

.  (1) 

0 0t i ivρ ρ∂ + ∂ = .      (9) 

 (9), (8)  (7) ρ , iv i kB B .

, z .

z  t.  (7) i k ,

 6 i kB B . 0t x yB B∂ =

x yB B const= .  9  (7)-(9) 

0t zα αβ β∂ Ψ + Ζ ∂ Ψ = .      (10) 

( ), , , , , , , ,x y z x x x z y y y z z zv v v B B B B B B B B B BρΨ =    (11) 

14 0ρΖ = , 26 38 45 47 49 02 2 2 1/ 4Z Z Z Z πρΖ = = − = − = = − ,
2

41

0

svZ
ρ

= , 2

54 74 62 83 02 2 2 / 3Z Z Z Z B= = − = − = . (12) 

 [2 .49-55]

( )expA ikz i tα α ωΨ = − .      (13) 
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 (13)  (10) 

A VAαβ β αΖ = ,       (14) 

/V kω=  - , Aα  - Ζ .

 (14) V Ζ

{ }2 2 2 2 2 2 2 2

0 0 0 0 0 0 0 0 0 0 0 00,0,0, /12 , /12 , /12 , /12 , / 6 , / 6s sV B B B B v B v Bπρ πρ πρ πρ πρ πρ= − − − + + , (15) 

. ,

,

. 0V =
:

{ }2

1 1/ 8 ,0,0,0,0,0,0,0,1sA vπ= , { }2

2 1/ 8 ,0,0,0,0,0,1,0,0sA vπ= − , { }2

3 1/ 8 ,0,0,0,1,0,0,0,0sA vπ= − . (16) 

x

x zB B :

{ }2

4 0 00, 3 / 4 ,0,0,0,1,0,0,0A Bπ ρ= , { }2

5 0 00, 3 / 4 ,0,0,0,1,0,0,0A Bπ ρ= − .  (17) 

y

y zB B :

{ }2

6 0 00,0, 3 / 4 ,0,0,0,0,1,0A Bπ ρ= , { }2

7 0 00,0, 3 / 4 ,0,0,0,0,1,0A Bπ ρ= − .  (18) 

z ,

x xB B y yB B :

{ }2 2 2 2

8 0 0 0 0 03 / 2 ,0,0, 3 / 6 / 2 ,1,0,1,0,0sA B v B Bρ πρ= − + ,    

{ }2 2 2 2

9 0 0 0 0 03 / 2 ,0,0,3 / 6 / 2 ,1,0,1,0,0sA B v B Bρ πρ= + .                  (19) 

 (15)-(19), 2

0 /12tv B πρ=

2 22l s tv v v= + .

 [3, 6 . 124-128]. 
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