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Burman's generalized Ohm's law for relativistically sireaming

plasmas is obtained for particles endowed with both electrie

and magnetic charge. Binary plamas are a2lso treazted and the
results are compared with Burmen's results.

Burman et al. (1976) introduced a technique for treating emergy
" dissipation and associated diffusion of magnetic field lines resulting
from 'frictional'

interact’ions between different species in ncnre'l vivistic
plasmas. Burman (19??} obtained generalized Ohm's law for relativist tiecally
streaming plasmas. Bacry and Kuber-Andre (1973) discussed the existance

of particles endowed with both €lectridc and magnebic charge (dyons). In
this case the usual expression of Lorentz force i_s replaced by an

expression in which both elec’oric_ and magnetic charges are tzken into
account and Maxwell's equations are modified to invelve monopoles. If the
Plasma contains such par‘bicles Burman's (1977} formulism has To be

mod:.f:.ed. The modified calculations show a symme‘bry between electric and
magnetic forces which was not present in the Loren't-z force ex:ressmn.

Consider a plasma consisting of N species of any kind.
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Tor the rth coaponent species k_ = er/m » k' =g /m where e and g
r 7 e or? T r or - T -

are the electric and magnetic charges (Bacry and Kuber-indre 1973) and
is
. or

the proper mass density, vr the fluid or streaming 3=velocity with the

m is the proper mass (or rest mass), ? is the mass density, gf‘
or T

carr_espondjng Lorentz factor \B/r e also neglect pressure gradients.

The fluid velocities are unrestricted, but the thermal speeds are

nonzelativistic inplying that O =Y B ¢« The force demsity that
- or

-
“

acts on the rth species through its 'frictional! interactions with the
other species is denoted by ?:Fr' As usuzl E, H, ¢ and t denote the
electric and magnetic fields, the free-space speed of lizht and the
time coordinate. Bacry and Kuber-Andre (1973) gave the expression for
the electrcm:e.gn_etic force acting on a particle of electric charge e and

' megnetic charge g and moving with velocity v
(1)". - f = e(E+VvxE) +g(E-VxE)

in ¥KS units. Therefore Buram's (1977) equation of motion of the rth

species is to be replaced by
(2) o, = ko N E+c T +k'e Y(A-cTaE) +pF
?r o rior r r rlory X ?r r

Ve consider the situation in which B=H (approx.). The factor et
apprears because Gaussian system is used. Rindler (1966) (sections 57

~ and 58) defined Kr by
(32,0) 0L =B(p TR - V(£ T7) = p N @/ -7 HT)

‘ie define !



(ba=c) §’= Ef‘r‘

™

v=Fp I, 5-ZQE, -G -9

(Lba-e) Y = TR LY yro= Ek! X
(Lf-g) J = Zkl"flor ;r"- Tj'l = '\._kr1 Qr\{v

‘where the suzmabion is over r from 1 to N. T.ese relat;ions define the
mass density, barycentric velocity and pressure tenr;sr of the plamez as
a whole (equations li-c), fogrther with the net electric and magnetic
charge densities and magnetic curfent densities (equetions Ld-z).
_Summing (32) over all species, using (ha-c} and noving thet E_yrv v o=

gﬁ - 3, we get
Te A =(pNB +V.eT) + T3

Summing (2) over-all species, using (Ld-g) and taking r'-ﬁ‘- =0, we
' T

obtain the equation of motion of the plasma as a whole

X &

- e A T T L P R
(5) ’B(S’v)@tﬂrv-(gw}*v-p =?E+c1.;xﬁ+vlﬂ-cljr 5
Taking the scalar product of yrIr(eq. 2) with Fr’ suming the result over

211 speciés, using definition (Lf,g) of J and 31, defining -Jr as jwr{?rr -9

znd hence substituting for Vv o> and then using (5) leads to

(6) FE+T.E= V--@(g*«*).@t + V. (g )} £ . (V.3) +‘E_J (&, -F)

"f{.'g' analyze the 1ast term which represents-processes associated with the
' relative velocities of the species. )
Since in ordinary space 1;0 more than three vectors cen be linearly
independent, the N relative momentum densities znd the N 'fricticnal!

forces can be expressed in terms of three basic ‘menorihogonal vector



fields
Ta,b J = . 5 m F - —
3 -‘ r . i=l Ti i’ A i‘g'l Arimi

Thelmi can.pe chosen as generalized currxents. By delimitiens (La) and

(Lb) of and v, the jr sum to -zero, so that

(B) . ' . r ZSI‘i = 0

Using ‘e.qua*bi:ons {7)s; (6) can be written as
3 oo . .

() TE+T.HE+ Sn.E = v.’a(gvjﬁt ¢ V(e F) £ T(TH) +Q
‘ i=m + 1

Here

) s 3 i
(10a,5) %, .= =ZS.A Q=Ez='- lJ)lj

with

(10c) - K.. = -28

ij ritrg

the symmetric and skewaym?etric pgrts being denoted by K(ij) and'K/ij/
respectively.

Multiplying (2) by Sri‘/g') , suuming over all the species and using (8)
) r

gives

(11) —Esrii" E+c ERS v/\f)xﬁi-o('l-l—c (Ekr's v/‘{)xE-kK

rrir rir r

where-

(122,) & = Zkrsrihg s &K oE zkrtsri/\é‘ 1



Suppose that D<.L and C:{l' donot vanish, so that eq.-(11) for

i=1 ecan
be written as
(13) -Z8,.F = 4T + o X, lx-ﬁ+o<"ﬁ—- X T xF 4T
rify T 1%y % 1 Oy 1

where EP and Ti:{' are the velocity fields given by

d

_ N _

(k) By = T0e8 TN o) = ¥4 3.5 (k5 G5 im\af;grdi?_

Wp) B0 = T TN T4 S s & =
W o= T Hrlwr) ( ro<1 ks El Z (kr Srimisri}/{\éfrdi )

If we write

(15) X = G(iE' 4 G’(i‘ﬁ‘

the generzlized OChm's law can be written as
e - - =3 - = - - —
—_— — ot Ty o
(16) ZsriFr = (o<1E + o(,l d) + ¢ (ofluHxH o(i'uH'x:m) + _(o{igi + o(ir}_n}

 vhere &' and H' are the equivalent electric and magnetic fields arising
from the inertial or acceleration term in the equation of motion (2).
Cemparing (16) with Burman's (1977) result for the gen‘eralized Ohm's
law

: - o ol e e -
(x7) --Zsm_‘v;:r = (B v e (K, T x )+ (&, E)

‘we note that O<1§ is replaced by (o{ﬂ:ﬁ 4 o{ifﬁ), (OC’G_EH x H) is replaced
A5 xH -k 't xE) and (X E') by (X,E' + &« 'H'). BEq. (16) is
by (5%, LT X T e (SE) by (T + ot T, Bae (G6)
syzmetric between electric and magnetic fields whereas eg. (17) is not so.
Now we discuss binary plasmas. Ardavan (1576) obtained a generalized

Ohm's law for relativistic non-neitral binary plasmas with inertial



effects included. He restricted the plasmas to those in which the
particles are nonrelativistic in the proper frame of the plasma. Burman
(1977) removed this restriction by obtaining a generalized Ohm's law for
binary plasmas using eq. (17). Here we obtain generalized Ohmfs law for
bina}.y plasmas containing dyons. Let n, and no dencte the number density
and proper. nu.mber density of particles of the rih species, frdavan's
(1976) s;,nnbol 9 denotes (m the present notation) Z_m n that is,
E’SDI'Nr reducing to ﬁ'/\ﬂ/ on putting \{r = \{(apr_r:-ro:c.). But with two
species presént, only tk_le first of 't.he: Ei is needed in (72). Since

de ¥J_=0, 8 - d 2
dy J2 5 11+521 0 and so from (12)

kS Voo -
= 5)5/% + ks 21 % kllsn”{l ks MY

2 21 2
' Therefore
2 . ‘ e _ _ _ ._1'- _
(184) o sy/ L = {klhs; kENEJ = sgl,fcxl
: o |
(18p) - su/oql= = (klt/gl-kz f};) - 521;9(

With eq. (18) the generalized Ohm's law (16) becomes
19 F -F = -k Etc T 0 xHAET) & (k ' =k 1 i
(19) F, = 5, = 0 /X ) BT TaBE) 4 (N SNARIC 5 1xEE)

with

(202) T, - (W = X7, N - % /X)

@v) = TN vx /Y o, U5, /¥, - szzfz}z
(20¢) vyt = (k v /\{ - kzlvaﬁg’z)/ k '/‘q = ka'h‘;)' |

— ’-r i i ' .‘ 2
(204) = V- 11(;{11/\&3521 4 k2rM23?02}f(k1 Nﬁ_ - kg /‘6;)



vhere

H
|

- £ I n i = X 'm

(2o§,h) | f' 2 (fz - fl)/(k-lf‘(l/“ keNz)
Bo= By =R/ /Y - k2'/\/2 )

The unspecified parameters oK , and 0<1' have cancelled from the
.generalized Ohm's law (19) and from the expressions for I'IH, EH', E' and
E'. No restriction has been placed on fr. If we look and Burman's (1977)

result

(21) ¥, -F, = (kl/sf1 B kz/\(?)(i + c'lﬁH X E + B)

We& note that 'fz_ - Fl depends on two terms in our calcwlations but there

vwas only one term in Burman's calculations.
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