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Fig. 1 Approximation of the Sun-oriented
spacecraft, used in model calculations
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ABSTRACT

The relations to obtain the dependence between electron density of ambient plasma and spacecraft electric
potential measured by double probe technique are based on current balance to and from spacecraft body [1,2,3]. As a
rule only electrostatic effects are considered. In general such an approximation gives rather good results [4,5,6,7].

Meanwhile there are some cases where the role of magnetic field in retarding of photoelectron outflow can not be
neglected. This effect can cause an overestimation of electron density for given conditions. It becomes really important
in respect to thermal plasma measurements (i.e. for particle energies of the order of S/C potential) where the precise
cutoff of ion spectrum should be determined.

 The work presents some model calculations for photoelectron current outflow efficiency and search of parameters
where this effect becomes substantial.

MODEL DESCRIPTION

As an object of the model a Sun-oriented spacecraft
approximated by disk with radius Rmax is considered (Fig.1).
The coordinate frame is selected so as Y-axis is directed to
the Sun, X- and Z-axis are in plane Y=0.

Magnetic field B is in YZ-plane and inclined at angle β
to the S/C-surface, so Bx=0.

We consider here only the hemisphere Y>0 and the
outflow from the sunlit surface solely is examined.

 Electric field of the charged spacecraft is directed
along Y-axis and limited by two Debye lengths rD in
XZ-plane, so for y=0, at the disk vicinity [Rmax+2rD], the
S/C potential φ =φ0, and out of that region φ =0. We also
assume that S/C electric potential becomes negligible 2 rD
from the surface along the Y-axis.

Ph-electrons leave the surface with initial velocity v0 at
the arbitrary angle α  to the surface plane and at the arbitrary
angle θ  between X-axis and velocity projection to the
spacecraft surface.

The criteria for a ph-electron escape from the satellite
were set as follows:

rXZ >2Rlarm+Rmax – in the XZ-plane,
rY > 2Rlarm+2rD – along the Y-axis, (1)

i.e. it is supposed that ph-electron escape from the satellite if the electric field produced by charged pacecraft can be
disregarded along a Larmor orbit of the given electron.

The density and temperature of ambient plasma as well as the value of S/C electric potential and magnetic field
magnitude and inclination to the satellite surface were used as external parameters for the model. Varying them the
dependencies for effective photoelectron current were studied.



2









−⋅=
Dr
y

exp0φφ

24 qN

kT
r

e

e
D ⋅

=
π

EQUATIONS

The force determining the particle motion is:

(2)

where:

(3)

 - the electric potential distribution along Y-axis,

 - Debye length

Ne, Te - density and temperature of the ambient electrons.
Writing down (2) in components, the electron motion can be described by the following system of the differential

equations:

(4)

where By=B⋅sinβ , B z=B⋅cosβ, e, m – electron charge and mass, with initial conditions vector:

(5)

The system (4) was solved numerically. We present the results obtained and discus them below.
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CASE STUDY

For further analysis let us set the characteristic size
of the spacecraft Rmax =200 cm.

Assuming the ambient plasma parameters as
Ne =10 cm-3, Te =1 eV, spacecraft potential φ0 =2V,
which are very typical for middle altitudes in the Earth
magnetosphere we can investigate the behavior of a
photoelectron without and with magnetic field.

For the case study ph-electrons with energy Eph of
3 eV leaving the s/c surface in X-direction under angles
α=10°, 45°, 80° are considered as the “test particles“.

Without magnetic field the all three ph-electrons
will escape the satellite due to the energy is enough to
surmount the s/c potential barrier (Fig.2).

The trajectories of those ph-electrons become
completely different when magnetic field is introduced
to the calculations. As an example the case B=5000 nT,
β=45°, is shown on Fig.3a,b. One can see that
ph-electrons will return to the spacecraft surface due to
magnetic field effect despite their energy is higher then
the S/C potential.

Another case study illustrates the ph-electron
behavior for the different inclination β of magnetic field
to the s/c surface (Fig.4a,b). The test ph-electron leaves
the s/c surface at the angle of 45° in X-direction.

a) XY-plane b) XZ-plane
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Fig. 3 The trajectories of magnetized ph-electrons leaving
 the surface under different angles (10° – solid,
 45° – dashes, 80° – dots).
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Fig. 2 Ph-electron trajectories leaving the surface
under different angles (10° – solid, 45° –
dashes, 80° – dots) without magnetic field
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a) XY-plane b) XZ-plane
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Fig. 4 The trajectories of ph-electrons for different inclination β (0° – solid, 45° – dashes, 90° – dots)
of magnetic field to the s/c surface.

As it follows, magnetic field governs the ph-electron motion in two ways: the component parallel to the surface
forces them to return to the surface while the perpendicular component holds ph-electrons longer within the region of
the retarding electric field of the Langmuir sheath of positively charged S/C.

RESULTS AND DISCUSSION

Finding the magnetic field effect essential for individual ph-electrons lets turn to the estimation of magnetic field
influence on the photoelectron outflow current efficiency.

For a given direction determined by the angles α, θ and
given parameters B, Ne, Te, φ0, the velocity vout allowing
photoelectrons to escape the satellite can be obtained.

Assuming the velocity distribution function for
photoelectrons as Maxwellian with Tph =1.5 eV, the fraction
nout(α,θ)=Nout/Nph0 of photoelectrons really escaping the
spacecraft surface in given direction can be found as:

(6)

Varying the angles α and θ over all the hemisphere the
total fraction of escaping photoelectrons can be obtained (the
uniform angular distribution of ph-electrons is supposed).
Assuming the photoelectron production rate normalized as
Jph0 =1, the dimensionless real photoelectron current density
can be calculated as:

(7)

The photoelectron current density dependencies on
various parameters are presented on Fig.5; 6a,b.
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The last figure shows the photoelectron current density
dependence on the S/C c size Rmax (Fig.7).

Really the ph-electron spectrum is much wider them
Maxwellian one in its low-energy part what will cause the
demonstrated effect even more bright.

Each of the four profiles presented corresponds to
different set of ambient parameters. The model parameters
selected are typical for the various regions of the Earth
magnetosphere and can be met along the same high
inclination orbit with high eccentricity (for example, the
INTERBALL-2 satellite orbit with ~20000 km apogee, 1000
km perigee, 62.8° inclination). The Profile 1 – inner
plasmasphere, Profile 2 – plasmapause, Profile 3 – polar cap
in outer plasmasphere, Profile 4 – closely to magnetopause.

CONCLUSIONS

1. The magnetic field effect is essential for current
balance of the positively charged spacecraft in range 0÷+6 V
and can change the effective photoelectron current in several
times.

2. Smaller spacecraft will be charged more positively
under the same ambient conditions. In particular, unbiased
isolated probe will have a higher floating positive potential
then s/c body.

3. Photo-emission material properties obtained in the ground testing should be extrapolated to space conditions
taking into account the great difference in magnetic field value for the orbital conditions and for the Earth surface.

4. Magnetic field increase towards lower altitudes along the satellite orbits, and the respective dumping of
photoelectron outflow, could cause apparent decrease of the photoelectron production rate along with the impact of
atmospheric oxygen on the emitting surfaces.

5. The Pedersen-Esqoubet curve (S/C-potential vs ambient electron density) depends on the magnetic field strength
and the size of S/C sunlit surfaces and thus can differ for different satellites.
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Fig. 7 Jph/Jph0 vs characteristic size of the spacecraft.

1.- B=20000 nT, Ne =1000 cm-3, Te =1 eV, φ0 =1 V;
2.- B=5000 nT, Ne =100 cm-3, Te =1 eV, φ0 =2 V;
3.- B=1000 nT, Ne =5 cm-3, Te =1 eV, φ0 =5 V;
4.- B=200 nT, Ne =1 cm-3, Te =5 eV, φ0 =10 V;

a) B=200-4000 nT, Ne=10 cm-3, Te=5 eV, β =45° b) B=2000-30000 nT, Ne =100 cm-3, Te =1 eV, β =45°

Fig. 6 Jph/Jph0 vs magnetic field magnitude and s/c electric potential for ambient conditions simulating
 a) high and b) middle altitudes.



6

***

This work was supported by RFBR#00-02-02005, JURRISS NAG5-8638, INTAS#2000-465, and authors would like to
express their gratitude to these funds.

References.

1. Whipple, E.C. Jr.: The equilibrium electric potential of a body in the upper atmosphere and in interplanetary space,
NASA Rep. X–615–65–296, Goddard Space Flight Center, Greenbelt, Md., 1965.

2. Garrett, H.B.: The charging of spacecraft surfaces, Rev. Geophys. Space Phys., 1981, 19 (4), 577–616.

3. Riedler, W., Torkar, K., Veselov, M.V., et al., Experiment RON for Active Control of Spacecraft Electric Potential,
Cosmic Research, 1998, 36 (1), 49-58.

4. Pedersen, A., Solar wind and magnetosphere plasma diagnostics by spacecraft electrostatic potential measurements,
Ann. Geophys., 1995, 13 (2), 118−129.

5. Escoubet, C.P., Pedersen, A., and Schmidt, R., Density in the Magnetosphere Inferred From ISEE 1 Spacecraft
Potential, J. Geophys. Res., 1997, 102 (A8), 17595-17609.

6. Laakso, H., Opgenoorth, H., Wygant, J., et al., Electron Density Distribution in the Magnetosphere, ESA SP-415,
1997, 53-58.

7. K. Torkar, H. Jeszenszky, M. Veselov, S. Perraut, Yu. Galperin, N. Dubouloz, C.P. Escoubet, Spacecraft potential
measurements on board of INTERBALL-2 and derived plasma densities, Cosmic Research, 1999, 37 (6), 644-653.


	Navigation
	Cover
	Contents
	Foreword and Acknowledgements
	Opening Session
	Opening Remarks
	Sponsor Comments - NASA
	Sponsor’s Comments – DERA
	Spacecraft Charging - A French Experience
	Sponsor’s Comments - AFRL

	Course on Spacecraft Plasma Interactions
	Space Plasma Environment and Spacecraft Charging
	Spacecraft Interactions with their Space Environments
	Interactions of Plasma with Surfaces and Bodies in Space
	Internal Charging in Space
	Electrostatic Discharges and Spacecraft Anomalies
	Modelling of Spacecraft Plasma Environment Interactions
	Space Tethers - an Overview
	Future Challenges in Spacecraft Plasma Interactions

	Session I Engineering Practices, Methods and Procedures
	Spacecraft Plasma Interactions - Welcome and the ESA Perspective
	Spacecraft Charging - Welcome and the NASA Glenn Perspective
	Research Activities in Mitsubishi Electric on Spacecraft Charging
	ISS and Space Environment Interactions in Event of Plasma Contarctor Failure
	MESSENGER Space Craft Charging Analysis
	Improved Testing for Spacecraft Discharge Pulses
	Comparison of the NASCAP-GEO SEE Interactive Charging Handbook and NASCAP-2K.1 Spacecraft Charging Codes
	Hall Current Thruster Plume Modeling
	ETS-VIII Solar PDL Plasma Interaction Problem Approach
	The Effect of Temperature on Internal Charging and Its Potential Role in Hazard Mitigation
	Electric Effects of Plasma Propulsion on Satellites
	Numerical Simulation of the Electrical Charging of the Rosetta Orbiter
	Electrostatic Discharges on Solar Arrays
	Spacecraft Charging Models in ESAs Spacecraft Environment Information System
	Spacecraft Anomaly Analysis and Prediction System -SAAPS
	Vacuum Arcs-Literature Review and Common Characteristics with Secondary Arcs on Solar Arrays
	Charging Analysis of Engineering Test Satellite VIII (ETS-VIII) of Japan
	Spacecraft Charging Interactive Handbook 
	The Shield System for Spacecraft Charge Control
	Influence of Electric Charging on the Rosina Instrument in the Plasma Environment of Comet 46P-Wirtanen
	Application of the Geant Tools for Spacecraft Internal Charging Simulation.
	The Description of Dynamic Spacecraft Charging Using Modern Computer Tools

	Session 2- Environment Specifications
	AF-GEOSPACE- An Update
	NASA’s Space Environments  and Effects (SEE) Program
	Plasma Environments and  Effects Specifications-ESAs Pperspectives of the Future
	Space Weather Forcasting- Under the Hood of the Magnetospheric Specification Model
	High Latitude Plasma Electrodynamics and Spacecraft Charging in Low Earth Orbit
	Geometric Model of Large Scale Structures in the Magnetosphere

	Session 3- In-Flight Investigations Measurements and Observations
	Effects of Active Spacecraft Potential Control on Cluster Plasma Observations - First Results
	The Variation of Spacecraft Potential on High Eliptical Orbit- The Result of Interball Project
	Comparing CRRES Internal Discharge Monitor Results with Ground Tests and Published Guidelines
	Results of Electric Static Charge Mmeasurement Onboard ETS- V ETS-VI ADEOS 
	Spacecraft Charging -Observations and  Relationship to Satellite Anomalies
	Scintillator-Based Low Energy Particle Imaging Spectrometer for Nanosatellites
	Initial Correlation Results of Charge Sensor Data from six Intelsat VIII Class Satellites with other 
	First Report of the SILLAGE Flight Experiment Aboard SPOT-4
	In Flight Measurement of the Outside Surface Potential of the MIR Orbital Station
	RF Effects on OEDIPUS-C Floating Voltages
	An Upper Atmospheric Probe for Auroral Effects
	Research of Geosynchronous Spacecraft Charging Effects in Terms of the Onboard Hot PlasmaSPECTROMETER DATA
	Anomaly Attributed to Low Earth Orbit Plasma Environment
	A Survey of Spacecraft Charging Events on the DMSP Spacecraft in LEO
	The Discharge Detector Experiment
	Profiles of Inner- and Outer-Bbelt Internal Charging Currents Against Geomagnetic Parameter L 
	Bootstrap Charging on the DSCS Satellite
	Interball-2 Thermal Plasma Measurements 2 Spacecraft Potential in Magnetospheric Auroral Region at Altitudes

	Session 4: Laboratory Experiments, Measurements and Testing
	Laboratory Tests on Plasma Interaction of ETS -VIII Solar Arrays
	The Floating Potential Probe (FPP) for ISS - Operations and Initial Results
	Life Testing of the Hollow Cathode Plasma Contactor for the ProSEDS Mission
	Secondary Arcs on Solar Arrays Occurance Thresholds Characteristics and Induced Damage
	Experimental Results of Testing Electron Field Emission Cathodes For Spacecraft Applications
	Plasma Measurements in the ESA Electric Propulsion Laboratory
	Plasma Diagnosis in the Plume of the 20mN Ion Thruster for ETS-8
	Development of Charge Distribution Measurement System using Pockels Effect
	An Experimental Investigation of the Effects of Charging on the International Space Station
	Measurement Techniques for Charging in Bulk of Insulation Materials Irradiated by Radioactive Rays
	New Scaling Laws for Spacecraft Discharge Pulses
	Pre-Contact Microdischarge from Charged Particles
	Development of Deep Charging Monitoring System for Spacecraft Using the PIPWP Method
	Laboratory Ground Simulation of GEO and LEO Environment
	Hypervelocity Debris Initiated Spacecraft Discharging
	Laboratory Experiments on Mitigation Methoda Against Solar Array Arching
	Laboratory Simulation of Charging Relaxation by Plasma Flow
	Gas Discharge Phenomena in Spacecraft Discharge Pulses
	Arc Inception Mechanism on a Solar Array Immersed in a Low-Density Plasma
	Laboratory Simulation of Spacecraft Surface Charging and Discharging Caused by Structural Potential Transients and its INTERFERENCE TEST METHOD ON DC-DC CONVERTER
	The Magnetic Field Effect on Photoelectron Current from a Positively Charged Spacecraft
	Design and Testing of the Floating Potential Probe for ISS 

	Session 5: Theoretical and Numerical Developments
	Some Space Hazards of Surface Charging and Bulk Charging
	Nascap-2K Spacecraft Charging Models: Algorithms and Applications
	Electrostatic Charging Simulation of Spacecraft using a Stationary Thruster In Geostationary Plasmic Environment.
	A New Spacecraft Plasma Interactions Simulation Software
	Electromagnetic Particle Simulation with Unstructured-Grid Model
	Electron Current Collection by a Bare Tether in Mesothermal Conditions
	Magnetic Self-Field Effects on Bare-Tether Current Collection
	PIC Simulation of the Space Environment Effects of Plasma Contactor
	Modelling the Plasma Flow in a Hall Thruster
	Electric Propulsion Plasma Simulations and Influence on Spacecraft Charging
	Effective Ion Current Computation Alogrithm Modeling of LEO Spacecraft Charging
	Plasma Sheath Analysis and Current Calculations from the Potential Distribution around Iinterball Auroral Probe
	Landau Fluid Model of  Multi-Stream Instabilities and Application to  Plasma Contactor Plumes
	Combined Effects of Satellite and Ion Detector Geometries and Potentials on the Measurement of Thermal 
	Modelling of the Electric Propulsion Induced Plasma Environment on SMART-1
	Short Electrodynamic Tethers
	Low-Energy Electromagnetic Processes in GEANT4in the Context of  Spacecraft Charging

	Session 6: Interplanetary Missions and Experiments
	Large-Scale Mini-Magnetosphere Plasma Propulsion (M2P2) Experiments
	Characteristics of the Plasma Environment for the SMART-1 Mission
	Internal Electrostatic Discharge at Jupiter
	The Plasma Environment Around Mercury
	Experimental Tests of the Numerical Simulation of the Interaction of the ROSETTA Orbiter with the Comentary Plasma
	Charging Effects on Cosmic Dust
	Detecting Dust with Electric Sensors in Planetary Rings Comets and Interplanetary  Space




