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Why Waves?

What is the importance to study waves in plasma?

(a) Plasma fingerprints appear in wave
emissions . Thus, they are useful in faraway or
unavailable plasma observation. They can
serve as diagnostic tools.

(b) Plasma waves are essential for several
processes , including energy transfer,
lonospheric loss, particle acceleration,
lightning, and heating




Planet Venus

 Venus lacks an intrinsic magnetic field. PR e
P gou™

lon cyclotron wave

» Direct interaction between the solar wind and
\Venus.

EM waves from lightning

» The solar radiation interacts directly with Venus’
dense atmosphere forming a partially ionized shell
called the ionosphere.

Hot plasmasheet
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Cold plasmasheet

 Venus has a rich environment that can support the
generation of different plasma modes.

Hot flow anomaly

o~

* One of these basic modes Is the ion-acoustic wave =G
(IAW), which is the motivation of this work. et

Interplanetary shocks (IPS)




Missions of Venus

* VEX (Venus express)

* PVVO (pioneer Venus
orbit)




The density and velocity altitude profiles measured in
the Dawn-Dusk meridian at the Venusian ionosphere
by VEX
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lon-Acoustic Waves in Magnetized Cold Plasma at Venus'
lonosphere

Aim of the work

Investigate the problem of small-amplitude
lon acoustic waves In a cold plasma with two
positive ions and electron with Maxwellian
distribution using a reductive perturbation
method (the ZK equation is derived and

>y

solved using the direct method)




Model Equations

Continuity equation
ong +V.(nuy,) =o

Equation of motion
MM (0tUg + UgV. Ug) — qNg(-V + 1/ ug X B) = 0
BOItzmann dlstrlbutlon Electric force Magnetic force

ep
e = neyexp (i)
The system of equations Is closed by Poisson equation

Where:

a = H and 07 Vi¢ = 4me(ne —no — ny)



The normalized system of equations

The nonlinear dynamics of |AWs are governed by the
following set of normalized hydrodynamic equations

dmo + 0x (Nouox) + dy (nouoy) + 0z (nouoz) =0
OtUox + UoxOxUox + UoyOylox + U0z0U0x + OxP — WsoUoy = 0
JtUoy + UoxO0xUoy + UoyOyUoy + U0z0zU0y + OyP + WsoUox= 0
dtUoz + UoxOxUoz + UoyOyUoz + U0z0zU0z+ 0z¢p = O

0mu + 0x (Nuunx) + 0y (nuuny) + 0z (nnunz) = 0,

OtUHx + UHxOxUHx + U,HyayUHx + UHz0UHx + [.lHax(P — UHWsHUHy —
QtUHy + UHanUHy + UHyayUHy + 'U,HzaZU,Hy + ,LlHayd) + UHW sHUHx
atQHZ + UHxOxUHz + U,HyayU,Hz + UHz0UHz + ,LlHﬁsz =0



The normalized system (cont.)

The electrons are described by Maxwellian distribution as

ne = exp(¢)
The system is closed by Poisson equation

(0%x + 0%y + 0°%2)¢p — 6 .n, +ng + Syny =0

my ) Ne Ny Wc;
HH = oy e~ w0 °H T no) St wpo
the relative the relative the relative

lon mass densities frequency



Derivation of Zakharov Kuznetsov

To investigate the proliferation of |AWSs, the dependent variables in equations (refl)—(ref10)
are enlarged about their equilibrium values in terms of epsilon as

nj:1+en()+€2 ()—I—en()—i— .
Wy = €3/2y (1) 4 2, 4 572, ()+ -

’LLL' 1T

Uiy = 3/2,, ( )JFE u( ) 4 (5/2 gy) o

Uiy = ( )+e u,Ez)Jre u(3)+...,

6= eV + 9 + 9 4



* the independent variables can be expressed as in a moving frame In
which the nonlinear structure propagates with a phase speed of V

£ = €<1/2)(z — Vi), 7 = el/zy, = e/ %z, and =%,
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Derivation of Zakharov Kuznetsov

we obtain an evolution nonlinear partial differential equation in

the form of the ZK equation for the first-order perturbed
electrostatic potential as

0:¢ L+ ApDap ™ + BoFp) + Coy (97 + 02 ) =0

where

v v
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A=B<4+ H—(Se)




Analytical solutions of Zakharov_ Kuznetsov

Using the direct soliton method According to Z-k equation will be transformed to an ordinary
differential equation (ODE) using the travelling transformation Y = L,¢ + L,n + L;{ — MTt,
where M represents the frame velocity, and the direction cosines L{ + L5 + L5 = 1. Thus, Z-K
equation iIs written as

d3
13 P+ Hlp dY Hz =0

p can be expressed as p(&, n, ¢, ) = p(Y)

1
- see ()
p(Y)= i sech " Y
where Hsare constants determined from 2H1/ 3H>

the soliton amplitude 1/Hs

and the soliton width (%)2 Y
the transformed coordinate with respect to a frame moving with velocity V' is Y (i.e.Y = { —V1)



Soliton wave
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The soliton profile is illustrated for different  The soliton profile is illustrated for different
values of the relative density 0,where values of direction cosineLi,whereplasma

E'asnza p%r%TfterSdarei Bo=85x107>nT,  parameters are: Bo=85 x 1075 nT, L2= 0.01
1= L2=0U, , dn

n, = [250 — 73] cm™3, ny =[17 — 60]cm ™3



Summery

* The plasma model consists of two positive H and0*
separately charged cold ions and Maxwellian electrons.

 The direct reductive method to achieve a set of moving wave
solutions characterizing nonlinear waves soliton.

 Analytical solutions of the wave amplitude exposes
perturbation potential, that Is, wave solitons are composed In
the basis of Venus 1onosphere at region (200 — 1000) km.

* The Influence of plasma parameters such as density ratio 6y
and the direction cosine L1 on the qualities of soliton format
has been considered.



Nonlinear ion-acoustic waves in magnetized Warm
plasma at Venus’ ionosphere

Aim of the work

In Venusian magneto sheath , Venus express has observed the
existence of large amplitude nonlinear waves which being
small waves developing by oscillations to unstable region then
large amplitude.

The novelty of the present work is to find the proper conditions
that allow different nonlinear waves such as soliton, blow up,
and shock-like waves to exist in the Venusian ionosphere.



Basic Equations

Continuity equation
ong +V.(nu,) =o0
Equation of motion
Mg (Orug + Uy VUug) — qng(-Vo +1/c ug X B) + VP, =0

Electric force Magnetic force Pressure

Boltzmann distribution gradient force

ep
Ne = Ng €XP <kBTe>
The system of equations iIs closed by Poisson equation
Vép = dme(n, — ng — ny)

Where
a = HTandO" VP, = kg T,V ng



Derivation of the evolution equations

dno + Ox(Noloz) + Oy(noloy) + 0:(notoz) = 0, (1)
; ; - 5  _i/a,
JiUor + U020xU0e + UoyOylloe + U0-0-U0x + 0O — WsoUoy + 39070 P9no = 0, (2)
P ; . = D ~1/3., ‘
0oy + U0ty + WoyOytioy + Bo:0:b0y + Oy + Wee Yoz + 500710 / oyne =0, (3)
¢ s [ o ¢ | 5 e 1_ / -_)) ¢
0oz + U0x0zUoz + U0oyOyUo, + U0,0:Uo, + 0,0 + gO'O” n ' Ong =10, (4)
O + Os(Nutns) + Oy(natny) + 0xNgtas:) =0, (5)

D

v R V '3 '3 | % —J_ 3) 'S
Orlpy + UHzOpUH 2 + UEyOyU e + UH 0 Uy + LEHOz® — RHWHUH, + 3 LHOH / Ayt =10, (6)

3}

: - - o a3 i - w13 - »
Oty + UHeOp Uiy + UHyOyUiy + UH 0, Upy + HHOy® + UHWHUHy + §,“H0H”H g =0, (7)

5)

F I's 2 i i / 5 —_l :_)) )
O, + UHeOrUs, + Uy OyUm, + U, O um, + UaO,0 + §/1-HC7H”H / At = (. (8)



Derivation of the evolution equations (cont.)

The electrons are described by Maxwellian distribution as
ne = exp(@). (9)
Equations (1)—(9) are closed by Poisson equation

(82 + 02 + 32) ¢ — dene + o + dgny = 0. )

where



We introduce the stretched space- -time coordlnates X;Y;,Z and T as
X=¢e"2(x = Vb), Y—ezy, Z—ezz , and T=¢"/3t

where V is the lAW phase velocity and € is a small parameter that measures
the size of the perturbation amplitude. Let us expand the variables nj, uix,

uiy, uiz, and ¢ in powers of e

nj =1+ E?’L(.l} + E?n@} 4 E:%n(_S) n

Uiz = (G)+E'U»( )+E u( )+E u(3)+ “

Uiy = 32y, ( )+E u( ) 1 52, (3) n "u@) L

= D+ D 4 D D ¢
= ept) + 292 + 3B 4 ..



Using the following basic set equations we obtain the
ZK equation for the first-order perturbed potential

dp dp Py a (B O B

where B is the dispersion is the form

B ( 18V - 18V 8, 1, )"
(3V2 —50,)°  (3V2—5uson)’/)

and A, A, , are the nonlinear terms. in ZK equation are the forms

3(27V?% —50,) . 30uu (2TV2 — 58
A = B( ( /0 50,) n Onpy (27 50n 4h) _56)_

(3V2 — 50,)° (3V2 — Bupoy)’
gy4 90, V*
A?' - B l + 3, 9172 2 + 2 ¢ r’; 2 ?
w2 (3V?2 — 50,) wi, pn (3V2 — dupop)

we can use ¢1(§,1,¢,7) = @(&,1,(, 7).



Mathematical solutions

« we Introduce a class of solutions for the nonlinear evolution equations is obtained
by new Generalized (G'/G)-Expansion Method

* We apply this method to solve exact solutions for the ZK Eq. can be transform to ordinary
differential Eq.

d*¢ do do
Hiop—— — H. = (),
axs Ty —He =0
where
AL M
Hy = ’ and Hq =

BL3 + AyLs(L? + L3)’ BL3 + AyLs(L? + L3)’

where ¢) = ¢. Equation (21) can be Integrated with respect to X to obtain

d2¢ Hl 9
— + —0° — Hy¢p = 0.
e <3 5 @ 20 =0



n G’ [ n G’ —1

¢(X) = ;a1(5> —I—Zbl <F[(X) +E> : (24)
where F;(X) are functions in X, while a; and b; are
constants. Using eq. (24) into (23) and following the usual
procedure of the G’ /G-expansion technique, we obtain The
positive integer n can be determined by balancing the
highest-order nonlinear terms with the highest-order
derivatives in eq. (23). This gives us n = 2. Substituting
eq. (24) into (23) and then collecting a power derivative of
G, we get the constants 1n terms of the physical parameters

The function G(X) satisfies the Riccati equation
d’G
dX?

dG

where f, and f5, are constants. Eq. (29) has a solution is



G(X) = exp (%ﬁlX) (c1sinh[0,X] + cocosh[0,X]),  (30)

with ¢; > ¢, (B2 —4$3)"* >0, and 0, = (82 — 483)""°,
G(X) = exp (_T'BIX> (c3sin[0,X]| + c4co0s]0,X]), (31)
with c3<cy, (B7 —4p2)"/* <0, and 6, = (p*> — 4p2)"?/i,
G(X) =exp <_T'BIX> (cs + Xcg), (32)

with (82 —4p2)"/* = 0.



The phase velocity V against the relative density 5 , where o, = oy = 0:1.
The phase velocity V against the relative temperature o(o, = oy), Where 65 = 0.4
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Soliton wave

* The soliton profile with different values of
the relative density &, ,

* the soliton profile with different values
of the relative temperature oy

* the soliton profile with different values of
the relative temperature o,




Shock-like wave

he profiles for the shock like wave against the normalized
spatial coordinate, X, for different plasma parameters
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Blow up wave

The profiles for the explosive pulse against the normalized spatial
coordinate, X, for different values of the relative temperatures.
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Periodical profile
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* The periodical profile with different values o i “, )
of the relative density & , /\/\/\/\/\

* the periodical profile with different values of s
the relative temperature oy o e

* the periodical profile with different values /\/\/\/\/\ .

of the relative temperature o,



Summery

* Soliton, shock like , periodic , and explosive waves, are explored in a collision-
less, magnetized, multi-component plasma relevant to Venus’ ionospheric (at
altitudes 200—-1000 km)

« The plasma model Consists of warm hydrogen H*and oxygen 0*ions as well as
Maxwellian electrons.

* The nonlinear dynamics of these structures are described by the nonlinear
Zakharov-Kuznetsov equation.

* The G /G-expansion technigue is employed to describe the nonlinear structures of
Interest.

 Subsonic and supersonic compressive ion-acoustic waves have been found.

* The results show that the ions concentration and temperature affect the basic
features (phase velocity, amplitude, and width) of the pulses.
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