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Spacecraft in geosynchronous orbit may sometimes experience problems of 

differential electrical charging due to the ambient plasma environment.1 The charging 

phenomena are of two distinct types: surface charging and bulk charging. Surface charging 

of spacecraft materials is caused primarily by electrons in the energy range from a few keV 

to several tens of keV. Bulk charging is caused by electrons with energies of a few 

hundred keV to 1.5 MeV. This report will focus on the lower energy plasma responsible 

for surface charging using measurements from the P78-2 SCATHA satellite.2 

In order to mitigate problems due to spacecraft charging it is useful to characterize 

the plasma environment as accurately and completely as possible. In a previous report the 

average plasma environment was analyzed using data in the energy range 87 eV - 19.2 

keV.3 Li the present work this energy range has been extended upward to 288 keV for 

electrons and 526 keV for protons by combining the data from several instruments on the 

SCATHA satellite. The average particle fluxes were also compared to measurements taken 

during an extremely intense spacecraft charging event on September 22,1982. 

Using a large amount of the SCATHA data set for this study would entail pro- 

hibitive computational costs. Instead, two one-week periods in 1979 were selected as 

having a "representative" level of geomagnetic activity. Averages of the flux at each of the 

thirteen energy levels were computed of the data for each of these days. Only data from 

intervals in which the satellite was inside the plasma sheet near geosynchronous altitudes 

were used for the averages. The average value of flux at each energy was then calculated 

for the fifteen days and the variation of the data about the average was estimated. 

Figure 1 shows the differential electron flux as a function of energy. The thirteen 

channels in the energy range 87 eV -19.4 keV were computed using the data from the SC2 

instrument and the twelve points in the energy range 57-288 keV were derived from the 

SC3 data. The squares mark the average of the values observed during the selected fifteen 

days. Fifteen data points do not comprise a set which is sufficiently large to estimate accu- 

rately the true standard deviation. As an alternative to the standard deviation, the heights of 
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the error bars represent the maximum and minimum values of the flux during the fifteen 

days. The variations of the electron flux are observed to exceed an order of magnitude for 

almost all energies in the measured range. The dotted line represents the flux observed by 

the same instruments during the "worst case" charging event of September 22,1982. The 

flux during that event exceeds the 15-day maximum at energies in the range 50-150 keV 

and is less than or equal to the maximum outside this range. The decrease in flux at the 

energies below 2 keV is probably an effect of a large negative charge on the surface of the 

spacecraft during the 1982 event Such a negative charge would repel electrons from the 

detector, causing an underestimate of the flux. 

The total electron flux integrated over all energies during the charging event of 

September 22,1982 were less than the maximum flux observed during the fifteen days 

studied in this work. Yet the spacecraft experienced a large amount of differential surface 

charging and discharges.4 The reason for the charging in this particular instance is the 

anomalously high fluxes of electrons at energies above 20 keV. 

Figure 2 shows the averages and variations of the proton differential flux for the 

same fifteen days that were used for the electron measurements. The variations of the pro- 

ton flux are approximately a factor of 3-5 at low energies, which is somewhat smaller than 

the variations of the electron flux. The proton flux observed during the September 22, 

1982 event are larger than the 15-day maximum at all energies outside the range 10-20 keV. 

Note the increase in the proton flux at energies below 500 eV for the 1982 case, which is 

due to the negative charge of the spacecraft accelerating protons into the detector. 

The distribution functions for electron and protons are shown in Figures 3 and 4, 

respectively. These were computed by dividing the flux by the energy. As in Figures 1-2, 

the squares and error bars represent the averages and variations measured during the fifteen 

days that were selected for study. The dotted lines in Figures 3-4 show the distribution 

functions of the particles during the worst case charging event 



The electron and proton spectrum observed during the September 22,1982 event 

have been subjected to further analysis because this event represents a "worst case" to test 

the susceptibility of space systems to charging phenomena.  Such testing uses one of two 

methods: actual irradiation of a prototype with a similar particle spectrum using an 

accelerator, or computer modelling of the charging of the system with the NASCAP 

program. The NASCAP program requires that the electron distribution function be 

specified by either a single or double Maxwellian model fit to the data, or as a table of the 

particle distribution as a function of energy.5-6 The proton distribution is much less 

important for spacecraft surface charging so it is usually not specified. 

Trial fits of the electron data during this event using a single Maxwellian have 

shown the such a model is grossly incapable for representing the spectrum during a charg- 

ing event. The difference between a non-charging environment and and charging environ- 

ment is most prominent in the energy range from 10 keV to 200 keV. A single Maxwellian 

model has extreme difficulty in accurately fitting the data in just this range of energy. Such 

an environment is usually represented by a two component Maxwellian model, which is 

sometimes called a double Maxwellian5. The double Maxwellian model of electrons may 

be written as a function of the electron kinetic energy: 

f(E) = 1024f—Y/2 

{2KDJ (|5)eXP(-£)+(#)eXP(-£)- 

where   f = particle distribution function in units of s3 km-6, 

E = kinetic energy of the particle in keV, 

m = mass of the electron, 9.11 x 10*31 kg, 

D = energy conversion factor, 1.6 x 10-16 Joules/keV, 

Ni = number density for the i* component in units of cnr3,where i = 1 and 2, 

Tj = temperature of i* component in units of keV, where i = 1 and 2. 



Note that the extra factor of 1024 results from the conversion of the length units into 

kilometers. The electron data from the September 22 event is well represented by a double 

Maxwellian model using the parameters listed in Table 1. Figure 5 shows that the fit of this 

model to the measured electron distribution function is excellent The range of validity of 

the model extends over the entire energy range of the data: 87 eV - 288 keV. The model 

parameters of Table 1 may be used as input to the NASCAP code, or alternatively, the 

values of the distribution function listed in Tables 2 may be used for that purpose. The 

proton data is shown in Table 3 for completeness. Tables 2 and 3 also show the actual 

measured values of the particle number flux as a function of energy. The fluxes listed in 

Tables 2 and 3 may be used as a specification of the particle spectrum for testing using an 

accelerator. A simple conversion can be used to convert the fluxes to values of the 

distribution function for both electrons and protons: 

fe = 1.616 x 10-7 (Je/E), 

fp = 5.449 x 10-1 (Jp/E), 

where fe and fp are the distribution functions of electrons and protons in units of s3 km-6, 

Je and Jp are the number fluxes of electrons and protons in units of s-1 cm-2 sr1 kev1, 

respectively, and E is the energy of the measurement in keV. 

Figure 6 compares this model with two other models of the electron distribution 

used for spacecraft charging studies. The dashed line in Figure 6 represents the model of 

the average electron distribution reported by Purvis5. Over most of the energy range it falls 

below the data of September 22 shown as the solid line. The dotted line shows a distribu- 

tion measured on April 24,1979 by SCATHA, which was proposed by Gussenhoven and 

Mullen7-5 to be a "worst case". Figure 6 clearly shows that the two distributions are 

comparable at energies above 10 keV, but that the September 22,1982 case has a 

significant excess of electrons in the 1-10 keV range. 
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Table 1. Electron Distribution Model 
September 22,1982 

Component 1 Component 2 

ne (cm*3) 2.67 0.625 

Te(keV) 3.1 25.1 

Table 2. SCATHA Electron Data 

September 22,1982 

Energy U i Flux 

keV S3^!-6 s'l cm"2 sr !kev-l 

0.087 1.32 x 102 7.10 x 107 
0.187 2.66 x 101 3.08 x 107 
0.316 1.86 x 101 3.63 x 107 
0.446 1.59 x 101 4.39 x 107 
0.815 1.04 x 101 5.23 x 107 

1.09 7.48 x 100 5.04 x 107 
1.94 5.34 x ioo 6.41 x 107 
2.58 4.03 x loo 6.43 x IO? 
4.52 1.88 x 100 5.25 x 107 
5.9 1.07 x ioo 3.90 x IO? 

10.95 2.95 x 10-1 2.00 x 107 
14.4 2.69 x 10-1 2.40 x IO? 
19.4 1.42 x 10-1 1.70 x 107 
57. 9.73 x 10-3 3.43 x IO6 

77. 6.50 x 10-3 3.10 x IO6 

98. 4.06 x io-3 2.46 x IO6 

119 1.51 x io-3 1.11 X 106 
140. 1.63 x 1(H 1.41 x 105 
161. 9.56 x 10-5 9.52 x IO4 

182. 6.15 x 10-5 6.92 x IO4 

203. 3.66 x 10-5 4.59 x IO4 

224. 3.37 x 10-5 4.67 x IO4 

245. 1.76 x 10-5 2.67 x IO4 

267. 1.26 x 10-5 2.08 x IO4 

288. 1.01 x 10-5 1.80 x IO4 



Table 3. SCATHA Proton Data 
September 22,1982 

Energy fp Flux 
fceV s3km-6 s"1 cm*2 sr1 kev1 

0.074 3.24 xlO7 4.40 x 106 

0.154 8.00 x 106 2.26x106 
0.255 3.48 x 106 1.63 x lO6 

0.36 1.30 x 106 8.59 x 105 
0.655 6.83 x 105 8.21 x 105 

0.88 4.70 x 105 7.59 x 105 
1.55 2.50 x 105 7.12 x10s 

2.06 1.66 x 105 6.29 x 105 
3.6 8.36 x 104 5.52 x 10s 

4.8 5.66 x 104 4.99 x 105 

8.8 2.55 x 104 4.12x105 
11.6 1.33 x 104 2.84 x 105 
15.6 1.03 x 104 2.94 x 105 
19. 6.76 x 103 2.36x105 
36. 1.86 xlO3 1.23 x 105 

71. 6.35 x 102 8.27 x 104 

133 7.05 x 10^ 1.72 xlO4 

262. 2.85 x 10° 1.37 x 103 

566. 5.47 x lO*2 5.68 x 101 
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Figure 1. Electron differential flux. 
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TECHNOLOGY OPERATIONS 

The Aerospace Corporation functions as an "architect-engineer" for national security pro- 
grams, specializing in advanced military space systems. The Corporation's Technology Operations 
supports the effective and timely development and operation of national security systems through 
scientific research and the application of advanced technology. Vital to the success of the 
Corporation is the technical staffs wide-ranging expertise and its ability to stay abreast of new 
technological developments and program support issues associated with rapidly evolving space sys- 
tems. Contributing capabilities are provided by these individual Technology Centers: 

Electronics Technology Center: Microelectronics, VLSI reliability, failure 
analysis, solid-state device physics, compound semiconductors, radiation effects, 
infrared and CCD detector devices, Micro-Electro-Mechanical Systems (MEMS), and 
data storage and display technologies; lasers and electro-optics, solid state laser design, 
micro-optics, optical communications, and fiber optic sensors; atomic frequency stan- 
dards, applied laser spectroscopy, laser chemistry, atmospheric propagation and beam 
control, LIDAR/LADAR remote sensing; solar cell and array testing and evaluation, 
battery electrochemistry, battery testing and evaluation. 

Mechanics and Materials Technology Center: Evaluation and 
characterization of new materials: metals, alloys, ceramics, polymers and composites; 
development and analysis of advanced materials processing and deposition techniques; 
nondestructive evaluation, component failure analysis and reliability; fracture 
mechanics and stress corrosion; analysis and evaluation of materials at cryogenic and 
elevated temperatures; launch vehicle fluid mechanics, heat transfer and flight 
dynamics; aerothermodynamics; chemical and electric propulsion; environmental 
chemistry; combustion processes; spacecraft structural mechanics, space environment 
effects on materials, hardening and vulnerability assessment; contamination, thermal 
and structural control; lubrication and surface phenomena; microengineering 
technology and microinstrument development. 

Space and Environment Technology Center: Magnetospheric, auroral and 
cosmic ray physics, wave-particle interactions, magnetospheric plasma waves; atmo- 
spheric and ionospheric physics, density and composition of the upper atmosphere, 
remote sensing using atmospheric radiation; solar physics, infrared astronomy, infrared 
signature analysis; effects of solar activity, magnetic storms and nuclear explosions on 
the earth's atmosphere, ionosphere and magnetosphere; effects of electromagnetic and 
particulate radiations on space systems; space instrumentation; propellant chemistry, 
chemical dynamics, environmental chemistry, trace detection; atmospheric chemical 
reactions, atmospheric optics, light scattering, state-specific chemical reactions and 
radiative signatures of missile plumes, and sensor out-of-field-of-view rejection. 


