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program RK4_nonlinear_equation

implicit doubleprecision (A-h,k-z)

real*8::z,z0,pp, Te,e,w,c,ne0,pi,me,EEX,h,A LA
complex*8::B

integer::i,j

real*8,allocatable::EX(:),P(:),Ne(:)
open(unit=1,file="F:\E.txt",action="write" status="replace")
open(unit=2,file="F:\B.txt",action="write",status="replace")
open(unit=3,file="F:\x.txt",action="write" status="replace")
open(unit=4,file="F:\Ne.txt" action="write" status="replace")
print*,"insert max steps"

read>,]

pi=Acos(-1.0)

print*,"pi=",pi

z0=0.0D0

z=2.0D-4

print*,"z=",Z

h=(z/j)

print*,"H=",

Te=1.6D-8

print*,"Te=",Te

ne0=1.D21

print*,"ne0=",ne0

€=4.8032042510D-10

print*,"e="e
€=2.99792458D10
print*,"c=",c

w=2*pi*((c)/(8.0D-5))
print*,"w=",w

print*,"ww=",w*0.04
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me=9.109389757D-28
IEEX=(8.9D7)/3

IEEX=9173026.632

IEEX=29007657.19449

EEX=64863093.35492
z=0
print*,"me=",me
do i=0,j-1
Z=Z+h
write(3,*)Z

end do

allocate(EX(j),P(j),Ne(j))
IEEX=(8.9D7)/3

IEEX=9173026.632 '1=10**16
IEEX=29007657.19449 1=10**17
EEX=64863093.35492 I 1=5*10**17

print*"EX(0)=",EX(0)

p(0)=0.0
write(1,*)((EX(0)/100.)*299.792)/10000000.0
B=(0.0,-1.27324D-5)

B=B*P(i+1)

write(2,*)imag(B/100.)/10000.

A



call RK(Ne,EX,P,j,h,EEX,pp,Te,e,w,c,ne0,me,pi,A,B)
end

SUBROUTINE RK(Ne,EX,P,j,h,EEX,pp,Te,e,w,c,ne0,me,pi,A,B)

IMPLICIT NONE

INTEGER::i,j
real*8::k1,k2,k3,k4,11,12,13,14,ff fff ffff,f, Te,e,w,c,ne0,me,pi,pp,EEX,h,EX(j),P(j),Ne(j),
A

complex*8::B
IEEX=(8.9D7)/3 ! 1=D17
IEEX=9173026.632 11=D16

IEEX=29007657.19449

EEX=64863093.35492 I 1=5*D17

pp=0.0

do i=0,j-1

k1=h*pp

call FF1(h,EEX, Te,e,w,c,ne0,me,f,pi)
I1=h*f

print*,"11=",11

k2=h*(pp+(11/2))

call FF2(h,EEX,Te,e,w,c,ne0,me,ff,pi,k1)
[2=h*ff

lprint*,"12=",12

k3=h*(pp+(12/2))

call FF3(h,EEX, Te,e,w,c,ne0,me,fff,pi,k2)
I3=h*fff
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print*,"13=",13

kd=h*(pp+I3)

call FF4(h,EEX, Te,e,w,c,ne0,me,ffff,pi,k3)
[4=h*ffff

lprint*,"14=",14

Ne(i+1)=ne0*(exp((-(e**2)*(EEX**2))/(me*w**2*Te)))
Ne(i+1)=(Ne(i+1)/Ne0)-1.0

lprint*,"Ne=",Ne(i+1)
EX(i+1)=EEX+(1./6.)*(k1+2*k2+2*k3+k4)
p(i+1)=pp+(1./6.)*(11+2*12+2*I3+4)
Iprint*,"EX=",EX(i+1)

write(4,*)Ne(i+1)

A=EX(i+1)

A=A/100.

write(1,*)(A*299.792)/10000000.0 I(EX(i+1))*10**(-2)
B=(0.0,-1.27324D-5)

B=B*P(i+1)

write(2,*)imag((B/100.)/10000.)

EEX=EX(i+1)
pp=P(i+1)
end do

end




SUBROUTINE FF1(h,EEX,Te,e,w,c,ne0,me,f,pi)

IMPLICIT NONE

real*8::f, Te,e,w,c,ne0,pi,me,EEX,h LA ,pp
f=(((-(w**2))/(c**2))*(1-((4*pi*(e**2))/(me*(w**2)))*ne0™(exp((-
(e**2)*(EEX**2))/(me*w**2*Te))))*EEX) I(exp((-(e**2)*(EEX**2))/A)) exp((-
(e**2)*(EEX**2))/(me*w**2*Te))

end

SUBROUTINE FF2(h,EEX, Te,e,w,c,ne0,me,ff,pi,k1)

IMPLICIT NONE

real*8::ff k1,Te,e,w,c,ne0,pi,me,EEX,h A ,pp
f=(((-(w**2))/(c**2))*(1-((4*pi*(e**2))/(me*(w**2)))*ne0*(exp((-
(e**2)*((EEX+(k1/2))**2))/(me*w**2*Te))))*(EEX+(k1/2)))

end

SUBROUTINE FF3(h,EEX,Te,e,w,c,ne0,me,fff,pi,k2)

IMPLICIT NONE

real*8::fff,k2,Te,e,w,c,ne0,pi,me,EEX,h I,A,pp
ff=(((-(w**2))/(c**2))*(1-((4*pi*(e**2))/(me*(w**2)))*ne0*(exp((-
(e**2)*((EEX+(k2/2))**2))/(me*w**2*Te))))*(EEX+(k2/2)))

end

Y



SUBROUTINE FF4(h,EEX,Te,e,w,c,ne0,me,ffff,pi,k3)
IMPLICIT NONE
real*8::ffff,k3,Te,e,w,c,ne0,pi,me,EEX,h 1 A pp

FHFf=(((-(Ww**2))/(c**2))*(1-((4*pi*(e**2))/(me*(w**2)))*ne0*(exp((-
(€**2)*((EEX-+K3)**2))/(me*w**2*Te))))*(EEX+k3))

end
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Abstract:

The laser-plasma interaction is an important field because of many
applications, such as the fast ignition scheme of inertia confinement fusion,
particle accelerator, coherent x/y-ray sources and etc. The nonlinear effects
are strongly important in such cases because of high laser intensity
influences. On the other hand, many nonlinear phenomena in the
interaction of a high-frequency electromagnetic wave with plasma are
related to the ponderomotive force.

In this work, considering the ponderomotive force and using the
hydrodynamic equations, we have studied the high frecuency
electromagnetic wave behavior in a collisionless unmagnetized non-
isothermal plasma medium and the related curves are plotted. It is shown
that the laser intensity has affected on the profiles of the electric and
magnetic field also the electron density variations. We have continued our
study about resonance absorption with considering the propagation of a
high frequency P-polorized electromagnetic wave obliquely incident into
underdense plasma. The optimum angle and the absorption rate for
different density distributions were obtained. The elcteric and magnetic
fields variations were plotted. It was shown that the linear, parabolic and
exponential density distributions and the small-scale-length variations has

affected the absorption peaks and the optimum angle.

Keywords: ponderomotive force, under-dense plasma, resonance absorption,

optimum angle
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