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Plasmas at main Earth orbits  
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Ion collection by metallic surfaces   

 

 

 
 

 

 

 

The heavy ions move driven by the electric field whereas the more 
mobile electrons are distributed by the electric potential profile.
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Positive potential respect to ambient plasma

 Surface is biased positively with respect to plasma Vw >> Vp

 Electrons are attracted to the surface while ions are repelled 
back to the bulk plasma

 Not all ions are repelled due to their larger mass (higher 
potential is required for this)

 Electrons might gain extra energy and interact with the 
neutrals (excitation and emission of light)

Electric probe biased positive 
accelerates electrons and these 
interact with the neutrals (Ar), 
emitting light.



Floating surface

 A metallic surface in contact with a plasma that is not polarized to a potential will be floating

 This means that the ion and electron current balance so the total charge reaching the surface is 
0

 The surface reaches a potential that is called the floating potential

 WARNING: This does not mean that the plasma and the surface are at the same potential!

 The floating potential is typically lower than the plasma potential

We will see more about surfaces and 
biasing when we study plasma 

diagnostics with Langmuir probes on 
Nov 17th (theory) and Nov 19th (lab 

practice)



Electron emission by electron impact

 

 

  the exponent is,
 

Vaugham 
empirical 
model

Harmful effects of secondary electron multiplication 
(multipactor) within RF communication equipment. 
Photographs courtesy of ESA.

 

• Scheme of a RF 
waveguide 
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• From A.V. Phelps and Z. Lj. Petrovic. Cold-cathode 
discharges and breakdown in Argon: surface and 
gas phase production of secondary electrons. 
Plasma Sources Sci. Technol. 8 (3) R21-R44 (1999). h
ttps://doi.org/10.1088/0963-0252/8/3/201

Electron emission by ion/neutral impact

https://doi.org/10.1088/0963-0252/8/3/201
https://doi.org/10.1088/0963-0252/8/3/201
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Photoelectric emission

By Robert A. Rohde - This image has been extracted from another 
file, CC BY-SA 3.0

By Ponor - Own work, CC BY-SA 4.0

Metal

Light

Electrons

 Energy of photons: h ν 

 Electrons are removed from the atomic binding by absorbing 
a photon Kmax = h ν − W 

 W = h ν0  is the minimum energy required to remove an 
electron

 Kmax is the maximum kinetic energy achieved by the electron

 The Sun is a huge source of radiation in multiple wavelengths



 

 



 



Spacecraft charging   
A major effect of the plasma environment is the accumulation of charged particles on the exposed surfaces of vehicles. This 
process creates local electrostatic fields that can produce adverse effects such as material contamination or localized 
electric discharges. 

Nominal worst-case regimes of on-orbit surface charging hazards 
passing through indicated latitude and altitude. From H.B. Garrett 
and A.C. Whittlesey. Guide to mitigating spacecraft charging 
effects. JPL Space Science and Technology Series (2011). 

Effects of plasma interaction.
• Surface charging by accumulation of charged 

particles on surfaces.

• High energy impact of electric charges from  
cosmic rays and/or solar wind.

• Internal charging by penetration of energetic 
electrons inside the plasma exposed materials.

• Current leakage produce power losses by power 
systems produced by the continuous flow of 
charge from the vehicle surfaces.

• Electric propulsion systems that create a denser 
local plasma and modify the current balance on the 
satellite.  

• Differential charge accumulation that can trigger an 
electric breakdown when two spacecrafts come 
into contact  and/or in EVA activities of astronauts.

• The plasma wake of satellites create electric fields 
that accelerate charged particles. 



Spacecraft charging   
 

 



 

 

 

Application: Charge control at the ISS

Use of a Hollow Cathode to avoid charging of ISS: Plasma Contactor Unit (PCU)

Carpenter, Christian. "On the operational status of the ISS plasma c
ontactor hollow cathodes." 40th AIAA/ASME/SAE/ASEE Joint Propu
lsion Conference and Exhibit. 2004.

Kokal, Ugur, Nazli Turan, and Murat Celik. "Thermal analysis and testing of diffe
rent designs of lab6 hollow cathodes to be used in electric propulsion applicatio
ns." Aerospace 8.8 (2021): 215.

https://ntrs.nasa.gov/api/citations/20040110836/downloads/20040110836.pdf
https://ntrs.nasa.gov/api/citations/20040110836/downloads/20040110836.pdf
https://ntrs.nasa.gov/api/citations/20040110836/downloads/20040110836.pdf
https://www.mdpi.com/2226-4310/8/8/215
https://www.mdpi.com/2226-4310/8/8/215
https://www.mdpi.com/2226-4310/8/8/215


Minow, Joseph I., and Linda Neergaard Parker. "Spacecraft charging: Anomaly and failure mechanisms." Spacecraft Anom
alies and Failures Workshop. No. M14-3884. 2014.

https://ntrs.nasa.gov/api/citations/20140012586/downloads/20140012586.pdf
https://ntrs.nasa.gov/api/citations/20140012586/downloads/20140012586.pdf
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