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The nonlinear evaluation of the electromagnetic waves under the condition of extreme rotation of 
the plasma is studied. Solitons are found to generate in the electron-positron plasma of a rotating 
neutron star. The behavior of the solitons and pulsar radiation is discussed. 

In recent years there has been considerable interestIS in 
the problem of wave propagation in the electron-positron 
plasma because of its vital role in the fields of pulsar radia- 
tion and in solid state plasma, where positive and negative 
particles are of the same mass. The nonlinear wave propaga- 
tion in the electron-positron plasma of a pulsar magneto- 
sphere has been investigated using different approaches by 
various authors.4-6 In Ref. 6 the authors have investigated 
the solitonic envelope of an intense electromagnetic wave 
propagating in a weak nonlinear but strong magnetized 
electron-positron plasma in the pulsar environment. Re- 
cently, we have studied spiky Langmuir solitons’ of an elec- 
trostatic (Langmuir) wave mode and transverse mode 
soiitonsa of a transverse (electromagnetic) wave mode in a 
hot ultrarelativistic electron-positron plasma. When a star is 
transformed into a neutron star, the moment of inertia de- 
creases strongly, thus the conservation of angular momentum 
causes a high rotation of the star. Under the condition of 
frozen force lines, magnetic flux is also conserved, thus the 
field increases in proportion to rM2 (r is a certain radius of 
the star). Therefore, as a rule, neutron stars should rotate 
quite rapidly and should be strongly magnetized. The non- 
linear evaluation of the wave propagation in this type of 
highly rotating and strongly magnetized plasma is our 
present interest. In this Brief Communication, we consider 
the nonlinear propagation of an electromagnetic wave in a 
highly rotating, strongly magnetized, and hot ultrarelativistic 
electron-positron plasma. 

A collisionless, viscous-free, less dissipated, and rotating 
electron-positron plasma may be described by two fluid 
relativistic magnetohydrodynamic (MHD) equations’ 

f (Ys~s)+v*(Ysvs)=O, (1) 
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where S( = e,p) denotes the species, electron and positron, 
respectively, n, is the particle density, u, is the hydrody- 
namic velocity, nt, is the particle mass, T, is the thermal 
energy, p,= n,T, , E is the electric field and B is the mag- 
netic field, ys= ( 1 - u,zIcZ) - 1’2, Gs=K3(ZsWz(ZsIt 
Zs=msc2/Ts, pmS= ysnsmsGs. Here, K2(ZS) and K3(ZS) 
are the MacDonald functions of the second and third order, 
respectively. In the nonrelativistic case (Z,%l), 
G,= 1 i- $Zzs, while in the ultrarelativistic case (Z,-+l), 
G,= 4/z,. From Eq. (2) we see that high temperature 
(TsSm,c2) denotes the dependence of inertial mass of the 
particle on T, . The role of mass is now played by the quan- 
tity msGs(zs). In the case z,el, the mass of the particle is 
rn: = m, . 4T,lm,c2 %=- m, , i.e., the gas becomes heavier. 
qs= -x,VT, is the heat flux where x, is the conduction co- 
efficient, d,ldt = f d/at) f II,. V is the hydrodynamic deriva- 
tive. The last term in Eq. (2) represents the Coriolis force due 
to the rotation of the pulsar plasma with frequency w,. 

The system of Eqs. (l)-(3) coupled with the Maxwell 
system of equations where the effective vacuum charge den- 
sity is neglected:” 

VxB=Gx 1 dE 
e, ydw,+ - - , 

s c dt 

V.E=47rx e,y,n,, (5) 

1 dB 
VXE=-;~, 

V.B=O. (71 

In the case of ultrarelativistic electron-positron plasma 
in the pulsar environment (Ts+msc2), Eq. (3) can be inte- 
grated and it can be seen that the plasma holds the usuai 
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adiabatic state (Ref. 9), i.e., n,/T:=const. Now, introducing 
the fluid momentum Ps =- y,m:u, in the momentum conserl 
vation equation, Eq. (2) and using 

E,-tiE,=~‘(z,tj=E(z,t)exp[-i(ot-kz)], 
p,+ip,,=P,(z,t)=P,(z,t)exp[-i(wt--kz)] 

[E(z$) and PAZ, 0 are the slowly varying amplitudes], one 
can solve Eq. (2) in order to obtain Ps(z,t). Substituting this 
P,(z,t) into the wave equation derived from Eqs. (4) and (6) 
we obtain the dispersion relation of a circularly polarized 
electromagnetic wave propagating along the ambient mag- 
netic field (B#) in our considered electron-positron plasma 
as 

c”k2 
7 =l- (8) 

with 

2 4mn04 
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s 
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where no is the equilibrium electron or positron density in 
the plasma, a is the angle between the axis of the plasma 
rotation and the ambient magnetic field Bo. in the case of a 
pulsar, it is the angle between the magnetic moment and the 
rotational axis. Here, ‘ys is defined by the relation’1’12 

+1+ 
ds 4 
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(Y&J-WCS) 1+(Yso’-%,)2 ’ ) 
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where 
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&= 7 
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0’=0+200 cos ff. 

A detail calculation shows the wave spectrum in such a 
plasma. To study this wave spectrum one can write Eqs. (8) 
and (9) as 

2 

w4-w3 2- Cif,i-lf,+ c2k2 
i 

- c”k2f-lf$fP= 0 (10) 

and 

a6y~+a5y~+a4y~+a3y~+u2~+~~Y~+uo=0, (11) 

where 

ao= -co&-- o$&- Q&, 

a1=4050’+2w,,w’w~*, 
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a2f kof,- w’2w&-60&‘2, 
. . 

u3= -4w50’+4w,,w’3, 

a4= --0’~+60&‘~, 

a5= -40Csor3, 

lZfj= 6P. 

Now,.for simplicity, when we consider an isothermal 
plasma (T,= T 
quency mode ( W&W’ which is valid for a pulsar) then Eq. P 

= T, i:e., rn: = rn; = m*) and the low fre- 

(11) takes the simple form 

re=rp=r ++; +$)‘“, (12) 

with 

oe-lellEl 
m*c ’ 

o -I@0 
c m*c ’ 

and under the approximation ]w,,]Pw~, Eq. (10) reduces to 
the form 

A$ o. COS a( &$--lp&), (13) 

withvA = BO/&%$?. 
Now, under the extreme rotation of the plasma 

(w. cos cu>ku*), the group velocity of the wave is 

dw kv; 
v”==dk =wo cos Q 

and the group dispersion is 

,-dug vi 
vg-dk -q cos ff ’ 

(14) 

(15) 
Now, following the same procedure given in Refs. 8 and 12 
the nonlinear evaluation of the given wave in the plasma 
under its extreme rotation is described by the nonlinear 
Schriidinger-type equation 

with 

(16) 

Q= 
2e2wi cos2 ix 

3 2 3ov-m”2fl . th c 

Here, Uth is the thermal velocity of the plasma particle, and E 
represents the complex amplitude of the wave that is sup- 
posed to propagate along the ambient magnetic field (B,]F). 

Equation (16), where u,Q>O, admits a solitonic solution 
of the form12 

IE(z,t)l =Eo sech 
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where E, = (A/Q) 1’2 (with A =const) is the soliton ampli- invaluable suggestions and the Commonwealth Scholarship 
tude and 6 = (v~/QE$“~ is the soliton pulsar width. The Commission for their financial support during the course of 
analysis shows that this work. 

Eo= SAW I I 
Ii2 ficm*uth 

lelcoO cos ff ’ 

This result informs us that although intense solitons exist, 
their amplitude decreases with high rotation of the star. The 
pulsar width becomes narrow due to its rotation. Finally, 
solitons with finite amplitude and with a very narrow width 
are generated in the rotating pulsar magnetosphere and it 
may be related to the pulsar radiation. 
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