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Outline
A) Fundamentals of Plasma Physics

● Historical Background

● Basic Plasma Concepts

● Characteristic Plasma Scales

B) Development in Plasma Science Driven 
by Natural Phenomena
● Solitons and Nonlinear Structures
● Tsunami and Large-Amplitude Wave 

Dynamics
● Rogue Waves in Plasmas
● Water Droplet and Surface Effects
● Mach Cones and Shock Structures
● Wakefield Phenomena
● Active Galactic Nuclei Jet
● Lightning and Arc Plasmas
● St. Elmo's Fire

● Fusion Plasmas and Instabilities
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Historical Background
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Plasma History, 19th century 

William Crookes (UK)
(1832 – 1919) 

1879 Radiant Matter

I venture to think that we have here a fourth state of matter, a form of 
matter as far removed from the gaseous state as a gas is from a liquid.



  5 / 65

Plasma History, 1920s

Irving Langmuir (USA)
(1881 – 1957)

Nobel Prize in Chemistry 1932

We shall use the name plasma to describe this region containing balanced 
charges of ions and electrons.
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Plasma History, 1940s

Hannes Alfven 
1908 – 1995 (Sweden)

Nobel Prize in Physics1970
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Plasma History, 1950s
● The creation of the hydrogen bomb in 

1952 generated a great deal of 
interest in controlled thermonuclear 
fusion  as a possible power source for 
the future. (USA, UK, USSR).

● In 1958 thermonuclear fusion 
research was declassified. Thus,  
theoretical plasma physics first 
emerged as a mathematically 
rigorous discipline in this years. 
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Basic Concepts of Plasma
Plasma is any state of any matter that is: 

 Ionised → net charge ≠ 0 → ionized gas & plasma
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Basic Concepts of Plasma
Plasma Scale Length
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Basic Concepts of Plasma











  17 / 65

Forces in plasma
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Forces in plasma
1)Inertial Force

2)Electric Force

3)Magnetic Force

4)Collisional Force

5)Pressure Gradient Force

6)Viscosity

7)Ponderomotive Force

8)Drag Force

9)Corilis Force

10)Gravitational Force

11)Quantum Bohm Force
12)Exchange-Correlation Force

13)Spin Force
14)Thermophoretic Force

15)Radiation Pressure Force

16)Diffusion Force

17)Polarization Force

18)Anisotropic Pressure Force

19)Gyroviscous Force

20)Ambipolar Electric Force!
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الرفراف

قطار شينكانسن
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تصميم بدل الغواصة●
شركات تصنيع السفن الكبرى استخدمت مفاهيم مستوحاة من جلد القرش ●

لتطوير طلاءات ذكية مقاومة للسحب _ توفير وقود.
يا على الأسطح في المستشفيات● الدهانات الخاصة التي تقلل نمو البكتير
طلاءات الغواصات: لا تقلل فقط الاحتكاك، بل قد تستخدم تقنيات ●

ا )عزل صوتي( لامتصاص الموجات الصوتية أيضً
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Soliton
● In 1834, while conducting 

experiments to determine the most 
efficient design for canal boats, he 
discovered a phenomenon that he 
described as the wave of translation

● Zabusky & Kruskal (1965) →  
numerically →  solutions seemed to 
decompose at large times into a 
collection of "solitons" 

● Soliton in: water, plasma, crystal 
lattice, biology, optical fiber...etc.

John Scott Russell 
(1808-1882)

./02_Collision%20of%20solitons.mp4
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Soliton, cont.
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Tsunami, cont.

Tsunami

./03%20Tsunami.mp4
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Tsunami, cont.

large-amplitude fronts with tsunami-like morphology and dynamics.
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Tsunami, cont.

Tsunami Sound

./04%20Tsunami%20NASA.mp4
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Rogue waves

● Hight = 33 m & 1 in 200,000 waves
● Extreme waves → appear from nowhere → high-energy → high amplitude 

→ carry dramatic impact
● How this wave exist? → Use & Avoid 
● Platform

./05%20Rogue%201.mp4
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Rogue waves, cont.
● How to create/control rogue 

waves?
● Why? 
● Water

./06%20Tank_rogue_wave.mov
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Rogue waves, cont.
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Rogue waves, cont.
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Water droplet
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Surface Nano-Structures
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polymethyl methacrylate 
(PMMA) films
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Mach Cones, cont.

Overlapping Shock Cone

Wavefronts

Subsonic
speed

Mach
One

Supersonic
speed
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Mach Cones, cont.
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Mach Cones, cont.
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Wakefield, cont.
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Wakefield, cont.

● There were two early ideas on plasma accelerators: beatwave 
(two laser beams) and wakefield (laser pulse or particle bunch). 

● In 1979 John Dawson, in a paper with T. Tajima, proposed that 
Landau damping effect could be used to accelerate particles. 
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Wakefield, cont.

The charged particles having the same polarity can 
attract each other...!! 
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Wakefield, cont.
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Wakefield, cont.
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Active Galactic Nuclei Jet
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Active Galactic Nuclei, cont.
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Active Galactic Nuclei, cont.
Cold atmospheric plasma demonstrates strong antimicrobial and regenerative 
effects, enabling accelerated healing of chronic, infected, and necrotic wounds
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Lightning

Plasma arc recycling

./07_plasma%20arc%20recycling.mp4
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St. Elmo's fire
● Blue or violet ball with a 

hissing sound that 
constitutes Saint Elmo's fire 
is different from fire and 
lightning.

● Ship mast should start St. 
Elmo's fire, airplane wing…

● Movie

./07%20St.%20Elmo's%20fire.mp4
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 Fusion Energy
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 Fusion Energy

Kurchatov Institute 
near Moscow
Soviet Union

1960

The plasma state is thus a necessary 
but not sufficient condition to have 
fusion

High plasma temperature is also a 
necessary but not a sufficient 
condition for a fusion.
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 Fusion Energy

Toroidal magnetic field

Plasma current

Helical magnetic field

Poloidal magnetic field

Vacuum vessel

Plasma

Z-pinch

TokamakWendelstein 7-X stellarator
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 Fusion Energy

The plasma state is thus a necessary 
but not sufficient condition to have 
fusion

High plasma temperature is also a 
necessary but not a sufficient 
condition for a fusion power plant.
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 Fusion Energy

# Tokamak
# Imputities in Tokamak

./08%20Tokamak.avi
./09%20dsut_fusion4.mpg
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 Fusion Energy
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Rayleigh–Taylor instability

When the lighter fluid is pushing the heavier fluid

./10%20Rayleigh-Taylor%20Instability.MP4
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Kelvin–Helmholtz instability
● Velocity shear in a single continuous fluid 
● Velocity difference across the interface between two fluids

./11_Kelvin-Helmholtz%20instability.MP4
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Sawtooth instability
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Sausage & Kink instabilities
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Ballooning instability
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Tearing instability
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Fishbone instability
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Streaming instability

One- or two-stream instability arises 
from charged particle streams in a 
plasma, leading to exponential 
perturbation growth.

./12%20Streaming%20instability.MP4
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