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Abstract 
 

The Floating Potential Measurement Unit (FPMU) is an instrument being developed to study 
the spacecraft surface charging of the International Space Station (ISS).  Charging on the ISS is 
unique because of the station’s size and the high voltage solar arrays with exposed interconnects. 
The FPMU consists of four instruments: a floating potential probe, two Langmuir probes, and a 
plasma impedance probe. These probes will measure the floating potential of the ISS, electron 
density, and electron temperature with redundancy. The instruments were calibrated using test 
loads over a range of temperatures. The FPMU is being integrated into the ISS at one of the 
existing external camera locations that places it in clear ram flow of the space plasma. 
Operational constraints of the ISS will result in the FPMU being used to obtain snapshots of data 
and not as a continuous monitor of the ISS charging and environment.  The FPMU is awaiting 
launch to the ISS on the first flight of the Space Shuttle when it returns to service. This paper 
presents an overview of the FPMU instruments and calibration results. 

 
Introduction and Background 

 
The Floating Potential Measurement Unit (FPMU), shown in Figure 1, has been created to 

aid in the understanding of the complex surface charging physics of the International Space 
Station (ISS).  The instrument was originally to be deployed on the ULF-1 mission in March of 
2003 but was delayed by the Space Shuttle Columbia accident that occurred in February of 2003. 
A single FPMU is currently scheduled to be deployed when the Space Shuttle returns to flight 
and construction missions for the ISS resume. This will be no earlier than March of 2004. When 
deployed the FPMU will be used to characterize the charging physics and validate charging 
models after each stage of ISS assembly.  Changes to ISS charging physics are expected as 
additional solar arrays are added to the structure due to their enhanced ability to collect electrons 
from the surrounding ionospheric plasma (1, 2).  An overview of the FPMU and its mission has 
been previously presented by Swenson et al (3). 
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Figure 1.  Photographs of the Floating Potential Measurement Unit (FPMU). (Left) Flight 

unit with sensors deployed. (Right) One flight unit and two flight-spares in protective 
covers with sensor booms stowed, October 2003. 

 
Excessive charging of the ISS has been identified as a potential shock hazard to astronauts on 

Extra Vehicular Activity (EVA) due to the nature of the US space suit design.  Industrial safety 
standards for workers around high voltage would indicate that this hazard exists when the 
floating potential of the ISS exceeds 40 Volts (4). There is also a concern for the long term 
stability of the anodized aluminum surfaces on the exterior of ISS modules. Charging greater 
than 80 Volts relative to the space environment causes electrical breakdown of the capacitive 
layer on the anodized aluminum due to its relatively weak dielectric nature (5). The dielectric 
breakdown results in arcs, sputtering, pitting and contamination of the surface properties. Over 
long periods of time this can change the surface temperature of ISS modules, creating a touch 
temperature concern for astronauts on EVA. These concerns prompted the construction of the 
FPMU and it predecessor, the Floating Potential Probe (6, 7, 8). 
 

The FPMU development team was challenged at both systems and instrument levels 
primarily due to the short ten-month development requirement compounded by NASA’s safety, 
testing, and documentation requirements. The FPMU is to be operational for a period of at least 
three years to cover the construction phase of the ISS and to provide measurements of vehicle 
floating potential, local plasma density, and electron temperature. To achieve these requirements 
commercial parts were used in radiation tolerant designs and multiple FPMUs were fabricated as 
replacement units.  It was critical that there be evidence to indicate when, or if, FPMU data was 
erroneous. This was achieved by including significant internal system monitoring and by using 
multiple instrument and measurement techniques (floating probes, Langmuir probes, radio 
frequency probes). At the current stage of assembly, shown in Figure 2, there are no sites for 
external mounting of generic instruments on the ISS structure. The FPMU, therefore, 
masquerades as an external TV camera in order to receive power and transmit data encoded in 
TV images though the ISS video systems.  

 
Instrumentation 

 
The FPMU is comprised of four instruments to measure floating potential, plasma density 

and temperature. The instruments use different techniques or geometries to provide redundancy 



and cross-validation of the final data products.  The instruments are the Floating Potential Probe 
(FPP), the Wide-sweeping Langmuir Probe (WLP), the Narrow-sweeping Langmuir Probe 
(NLP), and a Plasma Impedance Probe (PIP) as illustrated in Figure 2 (right).  The FPMU is 
planned to be initially installed at camera port 2 on the end of the S1 truss of the ISS. This 
location will be out of the plasma wake for nominal ISS flight orientation. Interference or cross-
talk between the individual instruments of the FPMU was a concern. The probe surfaces have 
been set at least two Debye lengths apart for a worst-case rarified and cold ionospheric plasma. 
The tip-to-tip distance from WLP to the PIP is 130 cm, and the whole instrument stands 150 cm 
tall.  We briefly present an overview of each instrument. 
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Figure 2.  (Left) Photograph of the ISS December 2002. (Right) The FPMU showing the 

locations of the four instruments; Floating Potential Probe (FPP), Wide-Sweep 
Langmuir Probe (WLP), Narrow-Sweep Langmuir Probe (NLP), and the Plasma 
Impedance Probe (PIP). 

 
The Floating Potential Probe (FPP) is a gold plated sphere of radius 5.08cm.  The sphere is 

isolated from chassis ground by a high impedance circuit, approximately 1011Ω.  The sphere 
“floats” at a floating potential determined by local plasma conditions, which is within a few kBTe 
of the plasma potential, and provides a good reference for measuring the potential of the ISS. 
Data is sampled as a 12-bit word with 100mV resolution. 
 

The Wide-Sweep Langmuir Probe (WLP) is a gold plated sphere of radius 5.08cm. A voltage 
sweep from –20V to 80V relative to chassis ground, the ISS structure, is applied to the probe, 
and the resulting currents to the probe are measured.  Sweeps are accomplished each second, 
with the potential sweeping from low to high voltage one second and back down from high to 
low the next.  The sweep is comprised of three parts:  steps of ~250mV from –20V to 0V, steps 
of ~25mV from 0V to 50V, and steps of ~250mV from 50V to 80V.  This pattern was chosen as 
a balance between available telemetry space and the amount of data necessary to derive the 
required parameters. The small step size from 0V to 50V provides sufficient resolution for a 
determination of Temperature, Te (which requires several samples in the electron retarding 
portion of the sweep).  The floating potential can be obtained over the full –20V to 80V range, 
within the uncertainty requirement of ±2V.  The current resulting from the applied voltage sweep 



is measured on two different 12-bit channels. The low-gain channel has a resolution of 700 
nA/count and the high gain channel has a resolution of 3.5 nA/count. The high-gain channel has 
sufficient sensitivity to observe both photo emission and ion collection currents, whereas the 
low-gain channel is suited for observing ambient electron currents. 
 

Measurement of ionospheric electron temperature by Langmuir probes is subject to 
significant error if the probe surface material does not have a uniform work function, or if the 
probe is not clean (10).  Gold was chosen as the surface coating for the Langmuir probes owing 
to its nearly uniform work function when properly applied and cleaned (12) and its stability in 
the atomic oxygen environment of low earth orbit. The WLP can be cleaned on orbit by heating 
the probe surface to approximately 350 C. This is accomplished via a small halogen lamp inside 
the hollow sensor sphere that can be powered on and off. Cleaning Langmuir probes in this 
fashion has been shown to be effective by W.E. Amatucci et al (9). 
 

The Narrow-Sweep Langmuir Probe (NLP) is a gold plated cylinder of radius 1.43cm and 
length 5.08cm. The NLP is placed mid-way on the boom supporting the FPP. The probe surface 
of the NLP is surrounded on each side by a gold-plated guard cylinder of radius 1.43cm and 
length 10.2cm, which are swept in synchrony with the NLP.  A sweep from –4.9V to +4.9V, in 
steps of ~12mV, is applied to the NLP during one second, followed by a sweep down from 4.9V 
to –4.9V the next second.  This sweep voltage is referenced to the floating potential measured by 
the FPP.  Hence, even though the sweep range of the NLP is small compared to the possible 
range of ISS potentials, the electron and ion retarding regions of the plasma current-voltage 
profile will be seen, as the region sampled will move through the –180V to +180V range of the 
FPP to match the current conditions.  This configuration will allow Ne (the local plasma density) 
and Te to be determined at 1Hz.  In addition, the ISS potential measured by the FPP will be 
verified, since if it is incorrect, the NLP will not be referenced to the proper potential and the 
transition from electron collection to ion collection will not be seen in the ±4.9V sweep.  

 
The current resulting from the applied voltage sweep is measured on two different 12-bit 

channels. The low-gain channel has a resolution of 87.5 nA/count and the high gain channel has 
a resolution of 0.44 nA/count. Like the WLP the high gain channel has sufficient sensitivity to 
observe both photo emission and ion collection currents, whereas the low-gain channel is suited 
for observing electron currents. The surfaces of the NLP and WLP are both gold for the same 
reason: the desire for a uniform work function and stability in atomic oxygen.  However, there is 
no heating lamp within the NLP, so there is no active cleaning mode for this probe. 
 

The Plasma Impedance Probe (PIP) consists of an electrically short dipole antenna 
electrically isolated from the ISS. The dipole is normally oriented perpendicular to the ram flow 
direction and away from the ISS wake. The PIP measures the electrical impedance (magnitude 
and phase) of the antenna at 256 frequencies over a 100 KHz to 20 MHz range. Electron density, 
electron-neutral collision frequency, temperature and magnetic field strength can potentially be 
deduced from these impedance measurements (11). The PIP will also track the frequency at 
which an electrical resonance associated with the upper-hybrid frequency occurs using a 
technique known as the Plasma Frequency Probe (PFP). From this resonance the absolute plasma 
density will be determined at a 512 Hz rate with great accuracy.  The PIP is considered an 
experimental instrument and has no formal NASA requirements for operation. 



The performance of the FPMU instruments to measure the ISS floating potential, VISS, the 
local plasma density, Ne, and Temperature, Te are summarized in Table 1.   
 
Table 1.  The measured parameters, rates, and effective ranges for the FPMU 

instrumentation. 
 

Instrument Parameter Rate Effective Range 
FPP VISS 128Hz -180V – +180V 
WLP Ne 

Te 
VISS 

1Hz 
1Hz 
1Hz 

109m-3 – 5x1012m-3 
500K – 3000K 
-50V – 20V 

NLP Ne 
Te 
VISS 

1Hz 
1Hz 
1Hz 

109m-3 – 5x1012m-3 
500K – 3000K 
-180V – +180V 

PIP Ne 512Hz 108m-3 – 1013m-3 

Calibration 
 

The FPMU was calibrated by examining the response of the instruments to known loads or 
test conditions. These measurements were performed both under bench-top conditions and while 
the FPMU was undergoing thermal vacuum testing. Efforts were made to minimize noise during 
this process although this was not completely possible. When the FPMU was undergoing thermal 
vacuum testing long leads were run from the probe surfaces, through vacuum feed through 
connecters, and then to test equipment and loads external to the chamber.  These long leads were 
a source of white noise that was detectable on the high gain channels of the WLP and the NLP 
but was largely below the detectable threshold of the low gain channels.   
 

The calibration data has been reduced to a set of polynomial coefficients that are applied to 
the telemetered values (12-bit integers).   The actual calibrations are stored in a file for use by the 
FPMU ground station software. The file contains blocks composed of one or more comments, 
followed by a line of polynomial coefficients of the form: 
 

y = A0 + A1x + A2x 2 + ... 
 
where y is the calibrated quantity (volts, amperes, centigrade, etc) and x is the telemetered 
integer quantity. Each of the FPMU flight units has its own calibration file, with its own unique 
set of coefficients. The WLP and NLP are found to have calibrations that vary with the 
temperature of the electronics.  Hence, the calibration coefficients, A0 and A1 are functions of 
temperature.  The calibration file contains 4 coefficients for each of Langmuir probe channels.  
These four coefficients, called m0, b0, m1, and b1, respectively, are the coefficients that can be 
used to calculate A0 and A1 according to: 
 

A0 = b0 + m0T12  
A1 = b1 + m1T12 

 



where T12 is the uncalibrated value (counts) of the FPMU Sensor Board Top Temperature Sensor 
(housekeeping measurement T12). The corrected values for A0 and A1 are used to produce 
engineering values for the Langmuir probe channels. We now present a brief overview of the 
major calibration and test results for each of the FPMU instruments. 
 

The FPP testing and calibration results are summarized in Figure 3. For FPMU serial number 
4, A0 and A1 were found to be A0 = -194.6 and A1 = 0.095. The input resistance of the FPP must 
be sufficiently high such that the measurement current will be a small fraction of either the 
ambient ion or electron collection currents. This required that the input resistance of the FPP be 
greater than 109 Ohms and preferably as high as possible. This was tested by applying a 
capacitor in parallel with the probe, charging it to 3 Volts, and observing the resulting discharge 
curve, Figure 3 (right). This data was consistent with a leakage current dominated by discharge 
through the relatively dry air around the probe and the change of stray capacitance due to the 
motion of technicians near the probe conducting the test.  The FPP testing and calibration results 
for each of the flight units showed similar results. 
 

      
 
Figure 3.  (Left) Calibration results of the FPP showing a linear response of instrument 

with applied voltage. (Right) Input resistance test of the FPP by capacitive discharge.  
 

The WLP and NLP temperature dependent calibrations for the high gain channel are shown 
in Figure 4. The probes were calibrated over the range of 17 to 59 C while the expected 
operating range is 25 to 40 C and is thermostatically controlled. Several thousand IV curves were 
analyzed and the resulting calibrations for A0 and A1 are displayed as points. The trend lines are 
the resulting temperature dependent calibrations b1 and m1.  The gain coefficient, A1, is relatively 
insensitive to temperature for both probes and very near the desired values of 3.5 nA/count and 
0.44 nA/count with a fraction of a count of drift with temperature.  The noise or distribution of 
gain observed in Figure 4 is not expected for on orbit operation. 
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Figure 4.  Temperature dependent calibration for the high gain channels of the Langmuir 

probes on FPMU serial number 3.  The graphs are for the A0 coefficient for the WLP 
(top left), A1 coefficient for the WLP (top right), A0 coefficient for the NLP (top left), A1 
coefficient for the NLP (top right). T12 counts are converted to centigrade by A0=689.9 
and A1=-0.2068 giving a temperature range of 60 to 17 C for these plots. 

 
The offset coefficient, A0, that can be thought of as the zero reference level, shows 

considerable drift over the temperature range that corresponds to 350 counts for the WLP and 25 
counts for the NLP. Neither of these drifts significantly change the range of currents that can be 
observed for normal ionospheric operations. The corrections for these drifts are critical to 
observing Ion currents as they are on the order of the expected photo emission currents.   
 



Figure 5 presents the temperature dependent calibrations for the low-gain channels. They 
reflect that design goals have been achieved and show expected measurement quantization noise 
effects reflecting the technical simplicity of these channels relative to the high gain channels.  
The two lines for the WLP calibration result from the difference of one count of the 
measurement of the calibration load. The NLP similarly shows a faint bi-modal distribution 
resulting from one count of difference over the measurement range.  
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Figure 5.  Temperature dependent calibration for the Low gain channels of the Langmuir 

probes on FPMU serial number 3.  The graphs are for the A0 coefficient for the WLP 
(top left), A1 coefficient for the WLP (top right), A0 coefficient for the NLP (top left), A1 
coefficient for the NLP (top right). T12 counts are converted to centigrade by A0=689.9 
and A1=-0.2068 giving a temperature range of 60 to 17 C for these plots. 

 



The PIP is a more complex instrument than the other FPMU instruments, and testing and 
calibration is problematic due to its RF operating range. The probe is calibrated before final 
assembly of the FPMU when the antenna components are not attached. A set of test loads 
consisting of resistors, capacitors, and inductors are placed at the antenna feed.  The output of the 
magnitude and phase channels are then compared to the impedance of the loads as measured on a 
network analyzer (Figure 6, left). The resonance tracking PFP is tested with a R-L-C network 
that simulates the resonance observed at the upper-hybrid frequency. The results of this testing 
are shown in Figure 6 (right) where a 7.21 MHz resonance frequency calibrator is tracked with 
an accuracy of better than 0.1%.  
 

 
Figure 6.  (Left) The magnitude channel of the PIP sweeps data for different calibration 

loads. (Right) The frequency tracked, or measured, by the PFP of a 7.21 MHz resonant 
network versus time or sample count.  

 
The calibration of the PIP sweeps channels, magnitude and phase, are not completed at this 

time. The response of the instrument to a given load antenna load, Za, is given by: 
 

Magnitude = K1 + K2 Log10( | α + Zf/Za | ) 
 

Phase = K3 + K4 Arg( α + Zf/Za ) 
 

where K1, K2, K3, K4 are gain or offset coefficients for each of the channels and Zf is the known 
feedback impedance of the preamplifier of the instrument. The constant α has a value from 0 to 1 
and results from the subtracting of the RF drive signal from the measurement signal. Ideally α 
would be 0, resulting in the magnitude channel being a simple admittance measurement of the 
antenna, but α has a value of 1/11th resulting in a coupling between the admittance magnitude 
and phase of the load for each of the measurement channels. The calibration of the PIP sweeps 
amounts to determine the value of the constants K1, K2, K3, and K4 at each of the 256 
measurement frequencies. The calibration of the PIP sweep data to date has shown an absolute 
accuracy of only about 20% for the instrument, which is considerably off the 1% goal for the 
instrument. We are unsure whether this is a result of discrepancy of the applied loads due to the 
difference of measurement fixtures between the FPMU and the network analyzer used to 
determine the calibrators, or whether there is an additional oversight in our determinations of the 



calibration constants.  Investigation and calibration are continuing and we are optimistic that a 
1% to 5% absolute impedance measurement can be demonstrated.   
 

Summary and Conclusions 
 

The FPMU was produced under an extremely tight 10-month development schedule but was 
then placed under a one-year delay for deployment due to the Columbia accident. The calibration 
of FPP, WLP, and NLP show that these instruments have sufficient sensitivity to achieve 
NASA’s mission of understanding the charging physics of the ISS.  The sweep (magnitude and 
phase) of the PIP data stream has not been successfully calibrated at this time due to 
instrumentation issues. The instrument could not be corrected during development due to 
schedule constraints when the problem was identified. A correction is expected to be possible 
through the calibration and data analysis software.  
 

The video interface for data transmission is both a boon and a bane for science uses of FPMU 
data. The large bandwidth available allows an unprecedented amount of raw instrument data to 
be transmitted to the ground. The direct comparison of so many different probe types 
simultaneously measuring the same space plasma is a first and is sure to lend insight into both 
Langmuir and RF probe theory. The WLP is a unique instrument in that it is the first Langmuir 
probe to be flown with such a large bias sweep (100 Volts) where all of the data is being 
transmitted to the ground.  The ability to clean the surface of WLP may make it useful for 
studying the contamination environment of the ISS. The video system is a bane in that the FPMU 
will be operated largely as a snapshot instrument. There is no way to store FPMU data onboard 
the ISS and then later send it down at a higher data rate. This severely limits the usefulness of the 
FPMU as an ionospheric diagnostic instrument. A large dataset covering years of operation will 
not be produced as this would require a continuous, real-time ISS video link dedicated to the 
FPMU. 
 



References 
 

1. D.E. Hastings, A Review of Plasma Interactions with Spacecraft in Low Earth Orbit, 
Journal of Geophysical Research, Journal of Geophysical Research, Vol. 100, No. A8, 
pages 14,457-14,483, Aug. 1, 1995.  
 

2. Dale C. Ferguson, David B. Snyder, Ralph Carruth, Report of the Joint Workshop of the 
Space Station Freedom Plasma Interactions and Effects Working Group, the Space 
Station Freedom Plasma Working Group, and the Space Station Freedom EMI/EMC and 
Electromagnetic Effects Working Group, 1990. 
 

3. C. Swenson, D. Thompson , C. Fish, The Floating Potential  Measurement Unit, number 
AIAA-2003-1081 in 41st Aerospace Sciences Meeting and Exhibit, January 2003. 
 

4. Steve Koontz, Marybeth Edeen, William Spetch, Thomas Keeping, Penni Dalton, 
Assessment and Control of Spacecraft Charging Risks on the International Space Station, 
8th Spacecraft charging Technology Conference, Hunsvile, Alabama, October, 2003. 
 

5. M.R. Carruth, Todd Schneider, Matt McCollum, Miria Finckenor, and Rob Suggs and 
Dale Ferguson  and Ira Katz and Room Mikatarian, John Alred, and Courtney Pankop, 
ISS and Space Environment Interactions Without Operating Plasma Contactor, AIAA 
Paper #2001-0401, 2001. 
 

6. T. Adams, D. Down, G. Murphy, K. Neal, The Little Probe that Could! (A Story of 
Mission Impossible Engineering) or How to Design, Build, and Deploy Small Spacecraft 
in Four Months, 15th AIAA/USU Conference on Small Satellites, Paper SSC01-IV-7, 
2001. 
 

7. T.L. Morton, J.I. Minow, Floating Potential Probe Langmuir Probe Data Reduction 
Results, AIAA Paper 2002-0936, 2002. 
 

8. R. Mikatarian, H. Barsamian, J. Kern, S. Koontz , J.F. Roussel, Plasma Charging of the 
International Space Station, IAS paper IAC-02-T.2.05, 2002. 
 

9. W.E. Amatucci, P.W. Schuck, D.N. Walker, P.M. Kintner, S. Powell, B. Holback, D. 
Leonhardt, Contamination-free sounding rocket Langmuir Probe, Review of Scientific 
Instruments, Vol. 72, No. 4, April 2001.  
 

10. Larry H. Brace, Langmuir Probe Measurements in the Ionosphere, Measurement 
Techniques in Space Plasma: Particles, Geophysical Monograph 102, 1998.  
 

11. Pavel Nikitin and Charles Swenson, Impedance of a Short Dipole Antenna in a Cold 
Plasma, IEEE Transactions of Antennas and Propagation, Vol. 49, No. 10, October 2001.  
 

12. J.B. Camp, T.W. Darling, Ronald E. Brown, Macroscopic variations of surface potentials 
of conductors, American Institute of Physics, 1991.  

 


	Navigation
	Cover Page
	The NASA STI Program Office-in Profile
	Availablilty
	Introduction
	Table of Contents
	Attendee List
	Report Documentation
	Plasma Propulsion and Tethers Session
	Physical Problems of Artificial Magnetospheric Propulsion
	Assessment of High-Voltage Photovoltaic Technologies for the Design of a Direct Drive Hall Effect Thruster Solar Array
	Plasma Interactions with a Negative Biased Electrodynamic Tether
	A 'Free-Lunch' Tour of the Jovian System

	Ground Testing Techniques Session
	Issues Concerning the International Standard of ESD Ground Test for Geo Satellite Solar Array
	Electron-Beam-Induced ESD Triggering Discharge Tests for Solar Arrays for Space Use
	Ground Experiment and Numerical Simulation of Spacecraft Archicing In Ambient Plasma Environments
	Development of Solar Array for a Wideband Internetworking Engineeing Test and Demonstration Satellite System Design
	Development of Solar Array for a Wideband Internetworking Satellite
	Ground-based Simulation of Low Earth Orbit Plasma Conditions
	Secondary Arcs on Solar Generatiors - EMAGS 2 Test Campaign
	Characteristic of Charge Accumulation in Glass Materials Under Electron Beam Irradiation
	Measurement of Bulk Charge in Dielectric Materials Irradiated by Electron Beam in Vacuum Environment
	Improved Demonstration of Internal Charging Hazards Using The Realistic Electron Environment Facility
	High Voltage Solar Array Testing for a Direct Drive Hall Effect Thruster
	Measurement of Charge Distribution in Electron Beam Irradiated PMMA Using Electro-Optical Effect
	Plasma Phenomena Associated with Solar Array Discharges and Their Role in Scaling Coupon Test Results to a Full Panel

	Poster Session I
	Materials Characterization at Utah State University-Facilities and Knowledge of Electronic Properties of Materials Applicable to Spacecraft Charging
	Feedback on the Picup3D Experience and the Open Source Strategy Applied to a Spacecraft-Plasma Interaction Simulation Code
	On-Orbit Daytime Solar Heating Effects- A Comparison of Ground Chamber Arcing Results
	Space Environments and Effects (SEE) Program-Spacecraft Charging Technology Development Activities
	Secondary Electron Emission Causing Potential Barriers Around Negatively Charged Spacecraft
	Investigation of Electrostatic Potential Barrier Near an Electron-Emitting Body
	Instrumentation for Studies of Electron Emission and Charging from Insulators
	AF-Geospace 2.0

	Interaction of Spacecraft and Systems with the Natural and Induced Plasma Environment Session
	A Review of Spacecraft Effects on Plasma Measurements
	Observations of Vehicle Surface Charging in Dusty Plasma
	Spacecraft Charging in a Quasi-Static and Dynamic Plasma Environment and the Scaling Laws for ESD-Induced Current Transients
	Modeling of the Plasma Thruster Impact on Spacecraft Charging
	The Viability of Using Weight-Saving Material for Future Long-Term Space Vehicles
	Simulations of Solar Wind Plasma Flow Around a Simple Solar Sail
	High Voltage Solar Array for 400V Operation in LEO Plasma Environment
	High-Level Spacecraft Charging at Geosynchronous Altitudes-A Statistical Study
	Degradation of High Voltage Solar Array Due to Arcing in LEO Plasma Environment
	ECSS-E-20-06 Draft Standard on Spacecraft Charging--Environment-Induced Effects and the Electrostatic Behavior of Space Systems
	Modeling of the Photoelectron Sheath Around an Active Magnetosphereic Spacecraft with PicUp3D
	Feasibility Study of an Experimental Platform with Active Plasma Emission for Japan Experimental Module Onboard ISS
	Onset of Spaecraft Charging in Single and Double Maxwellian Plasmas in Space-A Pedagogical Review
	Solar Array in Simulated LEO Plasma Environment

	Material Characterization Session
	Charge Storage Conductivity and Charge Profiles of Insulators as Related to Spacecraft Charging
	Electron Emission Properties of Insulator Materials Pertinent to the International Space Station
	European Approach to Material Characterisation for Plasma Interaction Analysis
	An Improved Method for Simulating the Charge of Dielectrics 
	Clear Conductive Transparent Flexible Space Durable Composite Films for Electrostatic Charge Mitigation

	Models and Computer Simulations Session
	An Educational Multimedia Presentation on the Introduction to Spacecraft Charging
	NASCAP-2K-An Overview
	Validation of NASCAP-2K Spacecraft Environment Interactions Calculations
	NASCAP-2K as a PIC Code
	Assessment and Control of Spacecraft Charging Risks on the International Space Station
	ISS Plasma Interaction - Measurements and Modeling
	Specification of ISS Plasma Environment Variability
	Electron Collection by International Space Station Solar Arrays
	The Electric Propulsion Interactions Code
	Effects of Large-Amplitude RF Emissions on Oedipus-C Floating Voltages
	SPARCS: An Advanced Software for Spacecraft Charging Analysis
	Computer Simulation of Radiation Charging Processes in Spacecraft Materials
	Design of a New Modular Spacecraft Plasma Interaction Modeling Software(SPIS)
	Development of a Virtual Testing Laboratory for Spacecraft-Plasma Interactions
	Features of Charging of Composite Configuration Spacecraft Charging in High Orbits

	Environment Specifications Session
	Representation of the Geosynchronous Plasma Spacecraft Charging Calculations
	An Imperical Low-Energy Ion Model of the Inner Magnetosphere
	Inner Radiation Belt Representation of the Energetic Electron Environemnt-Model and Data Synthesis Using the Salammbo Radiation Belt Transport Code
	Assimilitive Forecasting of the Energetic Particle Environment 
	Operational Prediction and Specification of the Spacecraft Charging Environment
	The Flumic Electron Environment Model
	New NASA SEE LEO Spacecraft Charging Design Guidelines-How to Survive in LEO Rather than GEO

	Poster Session II
	Embedded-Probe Floating Potential Charge-Discharging Monitor
	Wake Effects on Positively Charged Spacecraft Floating Tenuous Plasmas-Cluster Observations and Modeling
	Modeling of the Plasma Environment of a FEEP Micro Thruster with PicUp3D Simulation Code - Sample Results
	Carbon Nanofiber-Filled Materials for Charge Dissipation
	Comparison of Classical and Charge Storage Methods for Determining Conductivity of Thin Film Insulators
	Particle-in-Cell Simulation of Antenna Characteristics in Magnetized Plasma
	An Educational Multimedia Presentation on the Introduction to Spacecraft Charging

	Current Collection and Plasma Probes in Space Plasmas Sessions
	Current Collection by a Segmented Langmuir Probe in the Ionospheric Plasma
	Calibrating the Floating Potential Measurement UInit
	The Deflection Plate Analyzer-A Technique for Plasma Measurements under Highly Disturbed Conditions

	On-Orbit Investigations Session
	Nearly Eight Years of SOHO Observations - Some Highlights
	Space Weather Effects on SOHS and its Role as a Space Weather Watchdog
	In-Flight Anomalies Attributed to ESDs - Recent Cases and Trends
	A Novel Spacecraft Charge Monitor for LEO
	Active Spacecraft Potential Control for Cluster Results from Three Years in Orbit
	On-Orbit Experiments and Research on Measuring the Spacecraft Charging

	Conference Photos
	9th Spacecraft Charging Technology Conference



