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Types of plasma
● (I) Classical plasma (electron-ion plasma) 

+ve ions / electrons / -ve ions / positrons

 
● (II) Dusty (complex) plasma 

+ve dust / -ve dust / +ve ions / electrons / -ve ions

● (III) Quantum plasma 

Electrons / positrons / holes / +ve ions
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Types of plasma, cont.

Irving Langmuir
1927

Padma Kant Shukla
1990

Giovanni Manfredi
2000
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Types of plasma, cont.

Classical plasma
● Mainly → +ve ions & electrons
● Sometimes → -ve ions & positrons
● 1927 → now 
● Applications / observations / Experiment → 

laboratory, space plasma, astrophyical plasma
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Occurance of dusty plasma

● What is dusty plasma? A four component system, 
consisting of electrons, ions, neutral atoms and micron 
size solid dust grains

● A few nanometers to tens of micrometers
● A four component system, consisting of electrons, ions, 

neutral atoms and micron size solid dust grains
● Observations →  Comet tails, Planetary rings, Solar and 

planetary nebulae,  Lower ionosphere (mesosphere), 
Atmospheric lightning,  Industrial plasma processing 
devices, Magnetic fusion devices ,...etc.
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Occurance of dusty plasma

Hale-BoppHyakutake
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Occurance of dusty plasma

Eagle Nebula Saturn Rings

file:///home/wmmoslem/Documents/WORK/01_WORK/06%20Seminars/01_Waleed/Plasma%20School/08%20Dusty%20Plasma/Rings%20of%20Saturn%20-%20Wikipedia,%20the%20free%20encyclopedia.webm
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Occurance of dusty plasma

Charged dust clouds around
silicon wafers, formed in a
plasma processing device; a
serious contamination issue

Dusty plasma of charged ice
caused by the Space Shuttle
engine exhaust
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Occurance of dusty plasma

Noctilucent clouds formed in 
the summer mesosphere at
75-80 km altitude range; 
100 nm water ice, charged
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Occurance of dusty plasma

Significant amount of dust particles is observed in 
the chambers of fusion devices
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Occurance of dusty plasma

●  The “dust” is a result of the strong interaction between the 
material walls and energetic plasma, which causes flaking, 
blistering, arching and erosion of the carbon limiters or 
beryllium surfaces.

● Studies indicate that dust can be transported deep into the 
plasma, causing a serious contamination problem.

● Movies 1 & 2 & 3 & 4

file:///home/wmmoslem/Documents/WORK/01_WORK/06%20Seminars/01_Waleed/Plasma%20School/08%20Dusty%20Plasma/dsut_fusion1.wmv
file:///home/wmmoslem/Documents/WORK/01_WORK/06%20Seminars/01_Waleed/Plasma%20School/08%20Dusty%20Plasma/dsut_fusion2.avi
file:///home/wmmoslem/Documents/WORK/01_WORK/06%20Seminars/01_Waleed/Plasma%20School/08%20Dusty%20Plasma/dsut_fusion3.avi
file:///home/wmmoslem/Documents/WORK/01_WORK/06%20Seminars/01_Waleed/Plasma%20School/08%20Dusty%20Plasma/dsut_fusion4.mpg
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Occurance of dusty plasma
● Flaking of redeposited material,

 تقشر المواد المعاد ترسيبها
● Agglomeration from supersaturated vapour,

تكتل من بخار مفرط التشبع 
● Particulate ejection due to thermal transients,

طرد الجسيماات بسبب العبور الحراري 
● Growth from hydrocarbon.

النمو من مركبات الهيدروكرابوناات 
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Occurance of dusty plasma

● Semiconductor industry
● Plasma chemistry and nanotechnology →  coagulation 

of macroparticles
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Properties of dusty plasma
● Dusty plasmas are multi-component plasmas
● They contain electrons, ions, neutral atoms/molecules, and 

micro-particles/charged dust grains
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Properties of dusty plasma
● They are significantly different from the usual electron-ion

plasmas: dust size distributions
● New time scales associated with dust particle motion
● Dust charging as a dynamical variable
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Properties of dusty plasma
● Debye shielding

● -ve dust → what happen?
● +ve dust → what happen?

● Dust plasma frequency
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Properties of dusty plasma
● Dust-in-plasma & Dusty plasma → G.W.

● Intergrain distance & Debye length 

● Intergrain distance > Debye length → ??

● Intergrain distance < Debye length → ??
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Properties of dusty plasma
● Dust-in-plasma & Dusty plasma → G.W.

● Intergrain distance & Debye length 

● Intergrain distance > Debye length → Dust-in-plasma

● Intergrain distance < Debye length → Dusty plasma
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Properties of dusty plasma

Calculate
 

● Debye length
● Dust frequency
● Intergrain distance 
● Type of plasma (dust-in-plasma or dusty plasma)
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Two milestones in dusty plasma
● Dust Coulomb crystal (IKEZI 1986)

First prediction by H. Ikezi, Phys. Fluids 29, 1764 (1986); 
Observations: Chu & Lin I, PRL 72, 4009 (1994); Physica A, 
205, 183 (1994); Thomas et al, PRL 73, 653 (1994).

● Dust-acoustic waves (SHUKLA 1989; RAO, 
SHUKLA & YU 1990)

First prediction: P. K. Shukla, Proc. 1st Capri Workshop on 
Dusty Plasmas, pp. 38–39, 28 May – 2 June 1989.  N. N. Rao, P. 
K. Shukla, and M. Y. Yu, Planet. Space. Sci 38, 543 (1990). 
Observation: J. Chu, J.-B. Du, Lin I, J. Phys. A: Appl. Phys. 27, 
296 (1994); A. Barkan, R. L. Merlino, and N. D’Angelo, Phys. 
Plasmas 2 3563 (1995).
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Two milestones in dusty plasma
Dust Coulomb crystal

➔ Two particles

➔ Three particles

➔ Disorder phase

➔ Flow phase

➔ Crystalline phase 

file:///home/wmmoslem/Documents/WORK/01_WORK/06%20Seminars/01_Waleed/Plasma%20School/08%20Dusty%20Plasma/2particle.avi
file:///home/wmmoslem/Documents/WORK/01_WORK/06%20Seminars/01_Waleed/Plasma%20School/08%20Dusty%20Plasma/3particle.avi
file:///home/wmmoslem/Documents/WORK/01_WORK/06%20Seminars/01_Waleed/Plasma%20School/08%20Dusty%20Plasma/DISORDERED_50.AVI
file:///home/wmmoslem/Documents/WORK/01_WORK/06%20Seminars/01_Waleed/Plasma%20School/08%20Dusty%20Plasma/FLOW_AND_FLOE_50.AVI
file:///home/wmmoslem/Documents/WORK/01_WORK/06%20Seminars/01_Waleed/Plasma%20School/08%20Dusty%20Plasma/CRYSTALLINE_50.AVI
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Two milestones in dusty plasma
Dust Coulomb crystal
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Two milestones in dusty plasma
Dust acoustic waves

● Padma K. Shukla and his 
collaborators predicted the existence 
of dust acoustic waves, dust ion 
acoustic waves and shocks....etc. 

● His interest:
(1) Physics of low- and high-temperature plasma
(2) Nonlinear quantum plasma physics
(3) Nonlinear space and astroplasmas
(4) Nonlinear processes in geophysical flows
(5) Collective interactions in dusty plasmas
(6) Laser-plasma interactions
(7) Plasma high-energy charged particle accel.
(8) Nonlinear photonics/optics 

Padma Kant Shukla
1950 – 2013 (India-Germany)
Member of The Royal Swedish 

Academy of Science
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Two milestones in dusty plasma
Dust acoustic waves
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Two milestones in dusty plasma
Dust acoustic waves
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● Xu et al. 1992 → modifay the Q-machine to allow 
the dispersal of dust grains over a portion of the 
cylindrical plasma column

● Chu et al. 1994 → for the first time a dusty plasma 
has been confined in a cylindrical symmetric rf 
plasma system

Two milestones in dusty plasma
Dust acoustic waves
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Movies 1 & 2 & 3

Two milestones in dusty plasma
Dust acoustic waves

file:///home/wmmoslem/Documents/WORK/01_WORK/06%20Seminars/01_Waleed/Plasma%20School/08%20Dusty%20Plasma/DAW.avi
file:///home/wmmoslem/Documents/WORK/01_WORK/06%20Seminars/01_Waleed/Plasma%20School/08%20Dusty%20Plasma/daw_downleft.avi
file:///home/wmmoslem/Documents/WORK/01_WORK/06%20Seminars/01_Waleed/Plasma%20School/08%20Dusty%20Plasma/DAW_Merlino.avi
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Two milestones in dusty plasma
Dust acoustic waves
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Two milestones in dusty plasma

●  DC glow discharge in argon at p ~ 0.1 – 0.2 Torr
●  1 micron diameter spherical silica particles
●  Conical mesh used to trap a secondary dust cloud
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Mach Cones
● When an object moves through 

the air it pushes the air in front 
of it away, creating a pressure 
wave.

● This pressure wave travels 
away from the object at the 
speed of sound.

● If the object itself is travelling 
at the speed of sound then 
these pressure waves build up 
on top of each other to create a 
shock wave
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Mach Cones, cont.
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Mach Cones, cont.

Overlapping Shock Cone

Wavefronts

Subsonic 
speed

Mach 
One

Supersonic 
speed

Movie 1

file:///home/wmmoslem/Documents/WORK/01_WORK/06%20Seminars/01_Waleed/Plasma%20School/08%20Dusty%20Plasma/mach.avi
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Mach Cones, cont.

● Havnes et al (1995, 1996) theoretically predicted 
the existence of super DA Mach cones in dusty 
plasmas that are relevant to planetary rings and 
interstellar space.
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Mach Cones, cont.
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Mach Cones, cont.
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Mach Cones, cont.

● Mach cones in dusty crystal 
● Movie 1

file:///home/wmmoslem/Documents/WORK/01_WORK/06%20Seminars/01_Waleed/Plasma%20School/08%20Dusty%20Plasma/machdusty.avi
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Wakefield
● In 1979 John Dawson, in a paper with T. Tajima, 

proposed that Landau damping effect could be used 
to accelerate particles 

● In plasma, there are electrons both faster and slower 
than the wave.
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Wakefield, cont.
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Wakefield, cont.

● There were two early ideas on plasma accelerators: 
beatwave and wakefield. 



  57 / 67

Wakefield, cont.

a) No Plasma → Only electron beam  
with 1 GeV energy.

b) 10 cm long lithium plasma →  
the core of the electron bunch has lost
energy driving the plasma wake while 
particles in the back of the bunch 
have been accelerated to 2.7 GeV
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Wakefield, cont.
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Wakefield, cont.

The charged particles having the same polarity can 
attract each other...!! 
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Wakefield, cont.
● Vph ~ Cs
● Appearing long-range oscillatory wakefield
● The background positive ions are trapped/focused in 

the negative part of the oscillatory wake potential.
● The negative charges are attracted to each other as they 

are glued by positive ions in a linear chain
● Dust crystals 
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Wakefield, cont.
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Wakefield, cont.
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سؤال هام
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ويتميز  سسسنتيمترا  عشسسر  سسسبعة  طولسسه  يبلسسغ  ,طائسسر 

الطويليسن ممسا يجعله  المسستدير وجناحيسه  ,بشكلسه 

مكون  وهو  لمسسسافات طويلسسة  الطيران  علسسي  قادرا 
والبني   .......من لونين البيض  ,
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ويتميز  سسسنتيمترا  عشسسر  سسسبعة  طولسسه  يبلسسغ  ,طائسسر 

الطويليسن ممسا يجعله  المسستدير وجناحيسه  ,بشكلسه 

مكون  وهو  لمسسسافات طويلسسة  الطيران  علسسي  قادرا 
والبني  نامسل .......من لونين البيض  ,
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Finally …….!!!!!!
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