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LEO 

Polar 

SSO 

GEO 

HEO 

Orbit Altitude (km) 

LEO: Low Earth Orbit ~ 200- 2000 

PEO: Polar Earth Orbit LEO  (i= 90) 

SSO: Sun-Synchronous orbit nearly PEO 

GEO: Geostationary Orbit 36,000 (i=0) 

HEO: Highly Elliptical Orbit ~ 500 – 40,000 

2nd Summer School on Space Research,   Technology and Applications, Rozhen, Bulgaria,  3-10 July 2022 

Satellite Velocity = Gravitational pull of Earth 

ÇDǊŀǾƛǘȅ ŘƻŜǎƴΩǘ Ƨǳǎǘ ŘƛǎŀǇǇŜŀǊ ƻƴŎŜ ǿŜ get into space 
(e.g. Pull of gravity at 300 km is  ~ 91%) 
 

Ç9ŀǊǘƘΩǎ gravitational pull dominates objects close to it. 
Moon and Sun may have no effect on Earth orbiting 
spacecraft.  

 

Ç For interplanetary spacecraft, the {ǳƴΩǎ ƎǊŀǾƛǘŀǘƛƻƴŀƭ 
pull dominates. 
 

Ç Gravity dictate the size and shape of a spacecraft orbit 



35
0 
km 

~ 100Km is 6 order 
of magnitude less at 

sea level 

Hard Vacuum 
(10-6-10-9 torr) 

~ 350Km is 10 order 
of magnitude less at 

sea level 

ü Particles  bubble out of a material 
because of the very high-pressure 
differences betn. trapped gasses and 
ambient env. 

ü Outgas molecules (contaminate a 
material) & Cause problems to 
thermal surfaces, optical sensors  

Hard or near Vacuum √ 
Perfect Vacuum × 
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High amount of UV radiation 

ü Change molecular composition of 
materials 

ü Degrade thermal control 
subsystems 

ü Degrade optics, affect solar array 
efficiency 

Vacuum Induced Out-gassing 
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Neutral thermosphere  
< 550 Km 

Neutral gases (e.g. H, He, AO & N)          

Density of atmospheric constituents 
with altitude 

(samwel, 2014) 

AO  is the Most abundant 
species over LEO 

environment  

UV  radiation 

Molecular Oxygen Atomic Oxygen 

Photo dissociation 

<243 nm 
12ev 

> 150 Km 

5.12 ev 

AO varies with Solar Activity 



Atomic Oxygen 5 ev 

AO Erosion depth variation along SC23  

Samwel, 2014 

Spacecraft Orbital Velocity~ 7.8 km/s 
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AO Erosion depth as a 
function of AO fluence 

m
e

ta
ls

 

polymers 

AO can cause:- 
ü Erosion of surfaces 
ü Loss of mass 
ü Degradation in mechanical, thermal, and 

optical properties 
ü Optical glow near material surfaces lead to 

optical system contamination 
ü Surface oxidation which may change thermal 

properties 
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Air resistance ( 300-800 km), still strong to 
produce drag and pull the satellites closer to 

Earth 



Micrometeoroids 
(MM) 

Orbital Debris  
(OD) 

Naturally particles 

Produced by comets & 
asteroids 

Micron ςsized grains (Silicate core, 
surrounded by ice, ́ ҒлΦр-2 g/cm3) 

Man- made  

Comprised of non functioning satellites, 
rocket bodies, broken parts of the satellites, 

explosive bolts, specs of paint,.. 

Metallic object, like Al, ́ 
ҒнΦу ƎκŎƳ3 

MM & OD 

Crater the materials 

Spall off a coating 
Short out a solar cell Penetrate coating and solar cells 

Destroying satellites 

Temporary perturbation ----> termination of the mission 
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UV radiation 

LEO  Ą Photo-ionization 
GEO Ą Photo-ionization & transport  

Properties of the natural space plasma 
NASA Reference Publication, 1375 

The space plasma environment can affect spacecraft in any orbit 
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Surface Charging Internal Charging 

Absolute  
Charging 

Differential  
Charging 

GEO, Polar orbit, and LEO  Mostly, GEO orbits 

e,  100s keV  e, 70-100 KeV 

Charging of the whole spacecraft 
surface to net potential relative to 
the surrounding plasma 

Parts of spacecraft charged to 
different potential relative to 
one another 

caused by high-energy electrons 
penetrating dielectric materials 

caused by interaction of spacecraft surface 
with low energy plasma particles or space 

radiation 

Spacecraft Charging 
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Electrostatic Discharge (ESD)  
(or Arcing) Permanent damage onboard 

electronics  
(  inducing unwanted current) 

When two surfaces are charged to  a different voltage, the difference in 
potential causes the charges to redistribute via an electric arc 

Minor issues   
(sputtering, pitting of surface 

material) 
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Inner Belt 
500 Km to 6000 km 

Protons (E< 500 MeV) 

Outer Belt 
13,000 to 60,000 km 

Electrons (E< 7 MeV) 

Slot Region 
SAA 

Trapped Particles 
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Galactic Cosmic Rays (GCRs) 

Originate outside the solar system 

For very high energies, particles are 
extragalactic 

83% protons, 13%alphas, 1% 
heavy ions 

Energies 10s MeV/n - 100s GEV/n 

Very low flux, compared to 
Trapped and solar particles 

 1912 

Sunspot numbers (top) and (anti-proportional) cosmic ray intensity measured 
by the McMurdo Neutron Monitor from 1960 to 2001 (bottom). 

(Dobschinski, 2007) 

Solar Modulation 
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Solar Energetic Particles (SEPs) 
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Total Ionizing  Effect 

ÇIonization: the main mechanism which allow  space energetic particles 
to deposit energy as they pass through spacecraft material 
ÇMainly caused by trapped particles in the Van Allen belts. 

Å Defect centers in the optical materials (e.g.  camera lenses, mirror 
optics , coverglass of the  solar cells)  
Å Device leakage, power consumption & decreased functionality 

Space Radiation Effects (long term effect)  

Ç Energetic particles (protons/ions)  displace atoms from their proper 
crystal lattice locations. 

Ç Creates crystal defects 

Å Alter material and device electrical and optical properties. 
Å Important for solar panels, where DD effects gradually reduce the   
Output  power . 

Displacement Damage 
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Single Event Effect (SEE) 
Ç Single ion strike a material, depositing sufficient   
      energy either through  
 
üits prime strike (direct ionization via heavy ions from 
GCRs) or by  
 
üsecondary particle occur from strike (indirect 
ionization via protons) to cause an effect in the device 

 
 
 
 
 
 
 
 
 
 
 

SEE 

   Soft errors 

Hard errors  

Space Radiation Effects (short term effect) 
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Ç  We Should care for the space environment effects on space 
missions 

 
Ç Such effects are potentially  expensive problems 
 
Ç Too much protections, leads to unnecessary expenses 
 
Ç Too little  may lead to mission loss 
 
Ç Proper design may limit  such problems 
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