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* plasma is a quasineutral gas of charged
and neutral particles which exhibits
collective behavior.

* Conditions: 1. Ay << L.
2. Np>1.
3. wt>1.
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* An interconnected set of particles
and fields which propagate in a
periodically repeating manner.

* These particle are (e’)and (i) in the
simplest case.

* May contain multiple positive/negative ions and neutral particles.

* The electromagnetic fields in a plasma are assumed to have two
parts, one static/equilibrium part and one oscillating/perturbation
part.



* Continuity Equation: 2_7; +V-(nv)=0

* Momentum Equation:

mn (% + v-Vv)=-VP + gn(E+v*B)

Types of Plasma Waves:

* Electrostatic \Waves: Governed by electric fields; particles oscillate along
field lines.

* Electromagnetic Waves: Governed by both electric and magnetic fields.
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Magnetosonic Waves

* Magnetosonic Waves:
e Compressible
* Parallel propagation (Slow and Fast)
* Perpendicular propagation (Fast)

* Magnetosonic Waves
(compressional Alfven
waves)
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Alfven Waves

:} 2By
( .+ Alfven Waves:
N\ Vphase .
} : * Incompressible ]
f - * Parallel and oblique propagation '*
I
A, g,
Compressional Alfven waves Shear Alfven waves
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Theoretical Model

* Using the multi-fluid model, the set of governing equations for each speciesjare

oV,

OE

=q,n(E + v;xB),

OB

— 50

Ahmed Bakr

Eq(6) The dependent variables are adopted as:
n; = nj0+nj1ei(ky—wt)’
E = Ee!(ky-obg,

Eq(7) B = (BO + Blei(ky—a)t)) ZA,
] = ]1ei(ky—wt),?,
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The Dispersion Relation:

2 2
Q2. 2pj 02 . 2pj
pJ 21,2 w?2 pJ w?2 _
2'—_Ck2' — 2— Z =0
2 2 2 2 ’
] Wej ] Wej ] Wej ] We;
Y w2 w2 w2

where (),; and w.; are the plasma frequency and the cyclotron frequency of
the species.

This is the dispersion relation of a in collisionless, cold
plasma medium that propagate perpendicularly to the ambient magnetic field.

The derived mathematical model could be applied to a wide range of
application in space and astrophysical plasmas.
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j=C0Z%,0%,0%, Het%, HY, e

The Dispersion Relation
becomes:

c14a)14 + C%Za)lz + C10w10 +
cgw® + cew® + cow® + cow? +
0
cow” =0,

Where C14, C12,..., Co are the coefficients
of w.

Solving this equation numerically relying
on the plasma parameters observed on
the Martian upper ionosphere, results in
7 symmetrical roots.
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Results

* Aroot corresponds to each species.
* Each root is divided into two wave

Alfven Wave Mode
modes. ool
* Three different wave modes: o4}
* Alfven mode. oot
* Whistler mode. s |
* Magnetized Plasma Analog of Langmuir "
mode. e o
* For each species’ mode, there are: ok . . . E
] 0 5x107° 10 x 107° 15x107° 20 x 107°
* Long wavelength (Magnetized mode). k(n ™)
* Short wavelength (cyclotron mode).
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Numerical Analysis

Alfven Wave Mode
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Numerical Analysis

* Effects of varying the magnetic field and the total plasma density
and the mixing ratios on the Alfven Mode:

Alfven Wave Mode
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Numerical Analysis

Whistler Wave Mode
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Numerical Analysis

* Effects of varying the magnetic field and the total plasma density
and the mixing ratios on the Whistler Mode:

wis™h

Ahmed Bakr

Whistler Wave Mode
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Numerical Analysis

Whistler Wave Mode
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Numerical Analysis

* Effects of varying the magnetic field and the total plasma
density and the mixing ratios on the Whistler Mode:

Whistler Wave Mode Whistler Wave Mode
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Numerical Analysis

Whistler Wave Mode
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Numerical Analysis

* Effects of varying the magnetic field and the total plasma
density and the mixing ratios on the Whistler Mode:

Whistler Wave Mode .
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Numerical Analysis

Whistler Wave Mode
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Numerical Analysis

* Effects of varying the magnetic field and the total plasma
density and the mixing ratios on the Whistler Mode:

Whistler Wave Mode Whistler Wave Mode
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Numerical Analysis

Whistler Wave Mode
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Numerical Analysis

* Effects of varying the magnetic field and the total plasma
density and the mixing ratios on the Whistler Mode:

Whistler Wave Mode Whistler Wave Mode
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Numerical Analysis

Magnetized Plasma Analog of Langmuir mode
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Numerical Analysis

* Effects of varying the magnetic field and the total plasma
density and the mixing ratios on the Whistler Mode:

Whistler Wave Mode
Magnetized Plasma Analog of Langmuir Mode 5% 106 istier Wave Wio

6x 10} [
4% 10°F
5% 10°F |
106k
— 4)(106‘ o 3)( 06
Itq I:P’ :
- 3 L

3 3x100} 2% 105} n=8.5x10" m™

2% 105} B=30nT [ n=94x10" m3
B=25nT i

B=20nT 1% 100 n=184x10% m3

! B=15nT
108 B=102T F n=1.084x10° m™3
i i " 3 0. L 1 =
00 20 % 10°° 40 x 10°° 60 x 1076 80 x 107° 0 20 x 1076 40 x 1070 60 x 107° 80 x 107°
k (m™) k(m™Y

Ahmed Bakr ASP2024 Alumni Online Presentation EUI




Outlines

Plasma State

Plasma Waves
Magnetosonic Waves
Alfven Waves

* Theoretical Model

* Application to Observed Structure
Results

Numerical Analysis
Conclusions

Future work
References

Ahmed Bakr ASP2024 Alumni Online Presentation



* The derived mathematical model could be applied to a wide range

of application in and plasmas.

c A wave has been studied in conditions relevant to
the upper ionosphere of Mars.

* Every species has a propagating wave mode that at the
specie’s

* An exists in the ion species with the mass.

* A exists in all of the species.

e A mode exists due to the



* Increasing the Increases the frequency
of the Alfven mode.

* Increasing the magnetic field increases the
of the Whistler mode and
causes to the magnetized analog of Langmuir mode.

* Varying the total number affects the value of the
at the Alfven and Whistler modes.

* Varying the total number causes a In the magnetized
analog of Langmuir mode.
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* The observation expects a Magnetosonic wave to be
steepened.
* We suggest further parameters to be considered:

of the medium in the magnetic field,
density or temperature.

propagation of Magnetosonic waves. (on going)

relevant to the effects of the solar
wind.
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* Introduction to plasma physics, Chen

* Plasma Physics, An introduction to space and fusion plasmas,
Piel.

* Fowler, Christopher M., et al. “MAVEN observations of low
frequency steepened magnetosonic waves and associated
heating of the Martian nightside ionosphere.”Journal of
Geophysical Research: Space Physics 126.10 (2021):
e2021JA029615.

 “Modified Alfven wave of multi-ion species in the upper
lonosphere of Mars.” Journal of Advances in Space Research
(Under Revision)




Thank Ufeu!



	Slide 1: Modified Alfvén wave of multi-ion species in the upper ionosphere of Mars  A. A. Bakr, W. M. Moslem, M. El-Metwally, and I. S. Elkamash 
	Slide 2: Outlines
	Slide 3: Outlines
	Slide 4: Plasma State
	Slide 5: Outlines
	Slide 6: Plasma Waves
	Slide 7: Plasma Waves
	Slide 8: Outlines
	Slide 9: Magnetosonic Waves
	Slide 10: Outlines
	Slide 11: Alfven Waves
	Slide 12: Outlines
	Slide 13: Theoretical Model
	Slide 14: Theoretical Model
	Slide 15: Outlines
	Slide 16: Application to Observed Structure
	Slide 17: Outlines
	Slide 18: Results
	Slide 19: Outlines
	Slide 20: Numerical Analysis
	Slide 21: Numerical Analysis
	Slide 22: Numerical Analysis
	Slide 23: Numerical Analysis
	Slide 24: Numerical Analysis
	Slide 25: Numerical Analysis
	Slide 26: Numerical Analysis
	Slide 27: Numerical Analysis
	Slide 28: Numerical Analysis
	Slide 29: Numerical Analysis
	Slide 30: Numerical Analysis
	Slide 31: Numerical Analysis
	Slide 32: Numerical Analysis
	Slide 33: Numerical Analysis
	Slide 34: Outlines
	Slide 35: Conclusions
	Slide 36: Conclusions
	Slide 37: Outlines
	Slide 38: Future Work
	Slide 39: Outlines
	Slide 40: References
	Slide 41: Thank You!

