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IO. Predicfion of  Large Negative 
S h ad e d - S i de S p acec r a ft- Pot en f i ci Is 

5. M. L. Pmk6@enko crnd JL G. Lafrarthisr 
Physics Oeparfihcnt 

Y6rk Udriarsity 
Tardnta, Canada 

Abstmtt  

A cttlculation by haf t ,  for the floating potential bf a spherically symrhetric 
synthronotm -altltade satellite in eclipse, had been adapted td provide sfmple cal- 
culations af upper boynds bn ne$ative potentials which may be achieved by elcc- 
trically bblatetl shaded surftrces on spacecraft in sdnlight. Ta investigate gebrim- 
rkB1 effect$, we  have replaced ftrcWs use of the orbit-ltmited ion currb i t  expred- 
$ion for L sphere, by that for an inftnlte cylinder. Large (-60 percent) increases 
in predicted negative $haded-side potentials are obtained as a rehilt. To tnvesti- 
'Lte "effecttve-potent181 barrier" or "angular-monientuin selectioh" effects due to 
&e pt'esebce af le&$ -negative sunlit-$&e br adjacent-$urfhce potenMl8, W e  have 
a196 Peplaced these expresstons by the ion raildom ctirrent, Which tL a lower bound 
far converi surfaces when such effects becarire very setere. Further large hi- 
creades in predicted negative patentials &re obtained, amounting to e tlbubling in 
$bme case@. Depending on Burkce prupertted and Jncident energy dlstftbutioris, 
value$ exceedln -20 kV are now predicted, tn good agreemetlt with ATS- 6 abser-  
vltioluj bf potentgals rebbhtng -19 liV, ad repopted b$ Whipple. Fo- isnlated dur- 
faces h shaded eavlttes,, eteh itidre negatlve values may be reached. rn scme 
Cbndltidng, two didtinet. fldatlng Fotentials eixbt, l eaah& to the possillility 
''bifurcation phenti*ena'' in real dltuationd. 
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The performance of many satcfllitcs in synchronous orbit has bmn degraded 
by ailorrdi)uw everlls which include frequerlt spurious spaterraft  cohimands and in 

some cases permanent daniagi?. 
trical discharges caused by dif'ferential charging o f  spacecraft surfaces t o  large 
relntice potentials. The latter. condition in turn 15 known to result from the rela- 
tively iarge average energies (trp to a few keV) of the  chargcd particle environment 
at sywhrrmous orbit altitude, particularly in disturbed magnetospheric conditions. 
Sincr: photoeicctroh emission from sunlit surfaces tends to compensate for incidenf 
ekctrori  fldxe9, thereby holding sunlit -side surface potentials close to space 
potential in ?nost casks, an estimate of differential charging magnitudes ran be 
obtained b:; simply calculating floating potentials of electrically isolated shaded 
surfaces, relative to space potential. In the present work, w e  have at-.*mpted to 
obtain bpper bounds on such potentials, which in cases o f  interest are usually 
highly negative, because these bounds constitute "worst cases" for design purposes, 
and also because unlike more exact calculations, they can be bbtained from simple 
current balance calculations. Ftrrthermore, i t  is sufficient to consider local r u r  - 
rent balance only, because this corresponds to an electrically isolated surface 
element, which is also a "worst case" for differential charging. 
bounds, W e  have extended a calculation by linott, 
spherically symmetric synchronotrs -altitude satelfite in eclipse. 
geometrical effects, we have replaced b u t t ' s  u s e  of the Mutt-Smith and 1,angmuir 
orbit-limited current expression for rollection o f  Blaxwe1ll:m ions by a unipotential 
sphere, by the corresponding expression for  an infinite cylinder; both espressions 
have been shown to be uDper bounds for collisionless ion collection as  a function 
of loeal surface potehtial, for three- and two-dini@nsional collectors, respectively, 
regardless of collector shape, sheath potential, o r  potehtial of other parts of the 
collector. This replacement causes a large decrease in ioh collection and a 
correspondingly large increase in negative shaded-side floating potentials (Sec- 
tion 3).  Another important ion-current restriction may be caused by "effecfive- 
potential barrier"3* 4 e  or "angtilar-momentum selectim" effects, in which thk 
preseriee of less-negative sunlit-side potentials produces dipole and higher moni - 
erits in the sheath potential, ' causing steepening and contraction of the patkntial 
we l l  surrounding the shadzd side (Figure 11. A similar  steepening effect will also 
occur i f  an isolated shaded sItrFIice elerhent is surrounded by adjacent shaded 
surfaces which for any reason have less negative potentials (Figure 2). The most 
extreme possibility would be a potential profile which was equal to space potential 
almost to the spacecraft surface, then fell discontinuously to surface potential. 
This limit would correspond to a "planat sheath" situation in which the ion collection 

These event3 illvariably appear to involve elec- 

To calculate these 
o f  t h e  floating potehtial OF a 

To investigate 
2 

3 
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Figure 1. Steepening of Shaded Figure 2. Conductive Spacecraft with 
Side Potential Profile for a 
Spacecraft with an In ulated Sur- 
face, after FBhleson 

Shaded Isolated Surfact? Patch 
8 

on any shaded convex sufface would be given by just the  ion random flux. 
amouhts to a further ion cdrretit restriction which produces even l2rger inCreases 
in fiegative shaded-SidP hoating potentials (Sectiod 3). This situatiori correspohds 
to a velocity-space cutoff boundary for incident ions which is "one-dimehsional;" 
the cutoff bouridaries corresponding to spherical and infinite cyiiniricai collectors 
ace, respectively, "thtee-dimensional" and " t ~ b - d l t n e n s i o n ~ l " ~  (Section 2). 

We also shbw (Section 3) that if shaded cavities containing isoiated surfaces 
exist on a spacecraft, negative pbtentials on such surfaced may surpass even these 
predictibns. In some cases, inore than one pbssible floating potential result5 
fram the calculatiun; this implies the possibility of "bifurcatimi phenomeria" in 
which adjacent isolated surFacest of the same material may arrive at different 
floating potentials as a result of differences in their charging histories (Section 3). 

WC have also modified Watt 's  calculatim in another way, by incltldihlf currents 
due to electron backs&attering (Sectiod 1). These currents will tiend to decrease 
net eleetroti callertiari, thereby makin$ floating potentials less negative thah other- 
wise (Sectiod 3). A procesti not included by either Knott or oursielves is secondary 
electron emisston due to Lon impacts; thL will also tend to make floating pbtentfalbt 
less nrgatlvt?. 

This 
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The ambierit elbctpon eilergy dtdtrlbut{bnu used In the frrt sent w i r k  a r c  a 
model uiet-time spectruni (Kfiott,' F i e r e  1) and a model dtJtUrbcd djpcctruni 
(ho t t , '  Figure Zb) based on measurement3 by Shield and Prank, ' and DcForcst :urd 

MeIl\kain, ' respectively. Both of these distributions, and also the ambient ion 
distribution, are assumed isotropic. The disturbed spcct r u m  was chosen fronl the 
three ueed by matt because it has a highW average electron (?r1erg~ (-10 kcV)  
than the others. Ih using it, W e  have chartged it as  follows: irl the cnergy ranger 
0.5 ke\t s E 5 16 keV arid 10 keV S I? c 4b ktsV, w e  have replated h o t t ' s  differen- 
tial energy spectrum by,2 X LO8 E-1/2 afid 42 X lo9 E-3/2 ele&tforis/cm sec s r  
KeV, redpeetively, where E is energy. These r-' .ions a r e  simpler than those 
indicated by Knott, and they also bring the model spWtrum into closer agreenlent 
With the data on which it is based. w'1! therefore believe that they may have been 
the ones actually.used by linott, and that the correspbnditIg parts of Figure 2b in 
his peper may be incbrrWtly plotted. For any spatecraft surfaee having a negh- 
tiVe potential bS < 6, or for a three-dimefisional (for example, sphetical) surface 
having 4, > 6, the orbit-limited flux (particle current density) Je of ambient elec- 
trbnd is given by:' 

2 

where e is  magnitude ot unit electronic charge, ds is local surface potential, 
dJ,,/dE is the ambierit energy-differential flu% inciderit on one side of an arbi t rar-  
ily oriented surface element, and vn is the veb t i t y  component normal to thr same 
$urfa&e elemgilt. dJeo/dE is r times the energy-differeritial flux per steradian 
used by Knot(, ' and is givbi! in terms orf the ambient eiWtrori velocity distribution 
f - d Hac /d 2 By the relation dJeo/dE - 2n& /fie, where me is eiectrbn mass and 
N& is arhbient ib;n or electron nuniber density. Since f i s  isotropit, f E f(E1. The 
Facthr (1 + e@,/E) in Eq. (1) appears to have been neglected by h o t t ,  and may 
account far sonle niiilor distrepaficles betteerl his results and our9 (Section 3). 

The predencri! of this factor leads to a dlvergt?nt iritegration irl Eq. (l! i f  os > 0, 
unlegs dJe,/dE -. (1 a s  E -. 0, thcit is, f(k) remalns finite as E -.) 6. This implies 
that thir dffferliitial nilxev ih Kriottis Figures 1-3 must approach zero linearly *ith 
E at E vaiu6s smeller than those shown Id these figures. In tho present work we 

fiave instead used a less-reallsttc sharp cutoff at i eV; this may sllghtly affect our 
results for positive floetirig potentleis in Section 3. We have also introduced a 
sharp upper cutoff at 50 keV in the quiet-time spectrum, also in order  to avoid a 

3 3 2 
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divcrgbilt Lntedratldn when rnlculnth# everag@ onclrffsi for us% In backscattering 
daiclildti0p.s (Nee below). 

In order to abtaln the orbit-limited t3lcctrc)ri flux cxprboniori for an arbitrary 
cyllhdrical callcctbr, the lower intCgrstlon lltnit in Eq. (1) must bl? rcp1nci.d by 

the two-dimen*rilbnrl v&?lo&Ity-sgacc cutoff boundary B riiax (0 ,  - ad), whcrc 

ckoseri a z cowdilihti? perpendtculdr to the cylindcr crods-eoetion. If 0, 0, this 
complicates the integration in Eq. (l), which may thBA be done in either o f  two 

ways. The first [ Lafraniboise and Parker, Eq. ( 6 ) )  is to convert Eq. (1)  into an 
integration usinp cylindrical caordinates ih velocity spacc. This method has th& . 
disadvantage that the velocity distribbtion must be integrated over vz in order to 
corivert it into a distribution of transverse velocities. Ali altbrriate method2' is 
as follbWd. We choose reetangulnr coordinated (vn, vt, Vz) ih velocity space, such 
that vn is the Velocity component in the inward dormal dkecbion at the collector 
surface. The 1 Vit and v1 become tangential euordinateu, with vt in the plane of the 
cylirrder cross-section. We ;hen transform to spherical coordinates (v, 0, u.1 With . 
vz as p d a r  axis. Then: v Z  v ros n, v 
Fttr bS > 0, Eq. (1) is then replated by: 

E is thC total energy of trans(r&rsc m o t h  I mc(vx 2' + v 2 1 - c4, and we havc 
1 Y 

v sin n cos ( 1 ,  and vt v sin 8 sin 3,. n 

Je . f fvnd 3 1 

In comparison with hq. (I), w e  see that the integrarid in Eq. (2) contains an 
extra, energy-dependent wdighting factor, which arises Prow integtation of vn 
over the f rac tbhal  solid angle over whbh ambient electpons can reach t h e  coller- 
tor at Eakh energy. 

(Section i )  orbtt-ltmlted flux expression. h th is  case, the lower limit in Eq. (1) 

e n  

A similar  procedure I s  advantageous th ' tatntng the one-dtmenuional 

mCst be replaced by: Bn - max(d, - e$s), whete En z 1 m vz - e$. This time 

._. . .._. . .-.. 
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independently of collector potential, as expebted. 

are assumed to be MaxWellian. Corresponding td the three-, twb-, and one- 
dimensional velocity-8paCe cutofFs tledtcribed above, we bbtain, respectiyely, *, 
for-ibn-attracting surface potentials xis  > 6: 

The correspdndlng expresSibM for ion.flux Ji are atmpler because the ions.-.. 

WhePe xi$ = -ebs/kTiD k 19 Bbltzmann's con$tant, Ti 19 ioti tetnperature and Jio is 
the ion random flux NOb&T.i/Z!~tni)1/2. Fo r  kin-retardhg surface potentials 
gis < 0, we obtain: 

Ji 3 Jfo eXp (xis) (7) 

1 We have adsumed- -that Ti = 1 keV, and that the random ian to ele&tPon flux 

Poi the dtecondary elehtron fracthnal  yield a(%), we have used, following 
ratfo Jio/Jeb = 0.025. 

Knott, the relation o f  Stem&l&ss: 10 

We have u$ed the same delectlbn bf surface hiathrlal4 (Sectioti 3) as that 
ior whkh the vtilues of bmaX and Emax were apfiatlrlng In Table 1 of t(n6tt, 

obtatned fro& Clljbailsfl and HLichMiberg and Brader, 12 

The process of elektroil backscatterliig, which was not iiiciuded ih Knotttd 
c a l c u i a t h s ,  beeomes lmpertant et incldent electtdii khet ic  eri;crgles largdr thrin 

3ci4 

I 

- t  
. . 
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where the coefficients A, n, and C arc fuurlctions o f  the atomic number 2 uf t he  
slirfacb material. Wb-have evaluated A, 13, and t' for ciich surface material ron- 
sidered (Section 3) by substituting Storriglassl values of r) at 1, 3, and 5 kirV, into 
Eq. (9). Iti all cases, rl is a very slowly varying function o f  E. I.'or compound 
surface materials, we hale. assumed that each atomic constituent contributes an 
independent backscattered flux proportional to its relative conceatration. Thekc 
exist mor@ rbeent measurements of 014, l 5  which gi-re generally larger vduos  than 
those of Sternglass, l 3  especially for electrons having near-tangential iricidencc. 
ffoWevr?r, W e  have found thew results to be too fragmt+ntary for our purposes, and 
we have therefore used Stcrriglass' results throhghout. l'resumably w e  have 
therefort! underestimated 17. and our predicted floating potentials in Sixtion 3 will 
therefore be slightly more negative than more realistic correspondidg values. 

calculate Mux escaping, w e  assume 1 3 D  

darft and backscattered electrons a r e  emitted with hlaxwellian ve"oclty distributions 
hatting thermal energies 

When 4s > 0, not all secondary and backscattered electrons will escape. To 
for ease of calcr'4tlon, that bo!h secon- 

respectively, regardlesd of the form of the incident velocity distribution. Ifere, 
E is the average incident electron eriergy. M'e further assume that escape of 
emitted electrorls is orbit-limited, that is, that no barr iers  of effective poten- 
tia13' 4D  or negative barriers of electric potential exist on the shaded aide. 
Fahleson 6 has pointed out that such barriei-s ark likeiy tu exist on the suhlit side 

independently of any space-charge effects, if substantial shaded-sunlit differences 
exist irl 6,. The expressidns for the escaping secondary and backscattered fluxes 

- 

arid JScat therefore are: Jsec 

(10) 

J 
I 

I 
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i f  6, < 0, If by > 6, the three-, two-, end one-dimcnslsna. cases mudt ha consid- 
Wed sep&ratbly. We define kSec e&,/kTaee and kSeal - ~ 4 ~ / k T , , , ~ .  For brevity, 
qe  cbnsider orlly the secondary fluxes; th& coriespohdttig results for baskwattercd 
huxes may be bbtalned by replacing 6 by TI and ySgc by xScat throughout. If Js is 
the emttted flu* of secondaries, then thetr velocity distribution at the surface is 
fs = (Ji/2t)(me/kTyec) exp ( -  2 m,v /kTs h the three-dimensional case, 

velocity compdnCnt in the outward normal direction, and W e  use! spherical coord- 
inates as defined in c0rinection with Eq. (3). We obtain, for the escaping secondary 
flux :."".- 

2 1 2 
the cutoff condition for their escape is E : P mev2 - eds > 0. We redefine vn as  

The hetor. (1 + xsec) is noteworthy, because it  Is specific tb threr:-dlttrensiartal, 
as bpposed to planar, sheath geometry. In the two-dimenstonal case, the cutoff 

1 2 2  conditibfi for excape is p me(vn + v,) - eds > 0, and the convolution integral for 
5, contains the extra ueightfng factor which appears in Eq. (21. It is cortvcnient 
to use spherical codrdinates as deftned in connection with Eq. (2). We obtaih: 

37 I; 
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dl eo r -dd t . : .  dE (13) 

1 
i. m v2 - 2 e n  In the one-dihienuibnal CBYC, the escape condition is S )r 0, and 

w e  again use spherka l  coordinates a s  defined in connection with Eq. (3 ) .  We 
obtain: 

(14) 

The floating potelitial(s) bf an isolated shaded surfdCd element is (arc) no* 
given by the zerots) of the function: 

Jnet = Ji - J, + Jsec + Jscat (15)  

Table 1 shows flbatinll pbtenttal values obtained by numerical solution of the 
equatton Jnet = 0, where Jnet is gtven by Eq. (15) and w e  have assunied Jscat e 0 

hi order to duplicate the physical situatibn of liriott, * whose results a r e  .ihown in 
parentheses. We see that our results show qualitative but not quantitative agreo- 
ment wtth his. Possible reasow for the dtsagreefnent are:  (1) Knott appears to 
have salved the curredt balance equation graphically rathet  than numetically; 
(2) wherever his solution indicates a floating pbtential more negative than -3000 V, 
he has ltsted !he result simply a s  "< -3666 V"; (3)  wherever he has obtained a 
positive floatiiig potential, he has ltsted it simply as ' I t 5  V" whereas we  have 
calculated it using the assumptions mude in Section 2; (4) as mentlonbd follo*ing 
Eq. ( I ) ,  hls expressloti fop tncident electron flux may contain an e r ro r ,  The most 
important Feature of Table 1 is the very large floating potentials which a r e  evident 
in dtslurbed conditions tn the presence of the two- and one-dtnienslonal veloeity- 
space cutoffs. The dtamattc dtffetences which cxlst among these results a r e  

37 7 



Table 1. Floating Potentials of Shaded Surfaces qf Synchronous-Altitude Spacecraft, V'sing the Same Surface Prop- 
erties and Incident Spectra as Assumed by mott, with Thre- ,  Two-, and One-Dimensional Velocity Space Cutoffs 
Correspond-ng to Orbit-Limited Ion Collection in Spherical, Infinite Cylindrical and Planar Symmetries, Respec- 
tively. Results in parentheses are from Table 1 of Knott. Rackscattering is  not include3 

Surface Data for 
Secondary Electrcn Emission 

Material 

W 
-l 
ca 

e r n s  t able 

Gold 

Aluminum 

Aluminum with 
Oxide Coating 

Quartz 

Aquadag 

Beryllium 
Copper 

Beryllium 
Copper 
Activated 

No Secondary 
Electrons 

&,ax 

1.45 

0.97 

2.60 

2.50 

0.75 

2.20 

5.00 

- 

--- - -  - 

(eV) 

800 

300 

3 00 

420 

3 50 

3 00 

400 

- 
- 

Spectrum 1 
"Quiet" 

Floating Potential. (volts) 
3 -dimen. 2-dimen. 

-890 I -1470 
~. 

(-800) 

-1690 
( -2 1: 50)  

+o. 49(+5) 
or -342 * 
or -1260 

+o. 37 
(+5) 

-1700 
(-2140) 

+o. 33(+5) 
or -228 * 
or -1390 

+l. 1 
( +5) 

- 1870 

- 

-26.10 

+o. so 
or -326 * 
or -2100 

+o. 37 
or -494 * 
or -1570 

-2620 

+o. 33 
or -223 * 
or -2250 

+l. 1 

-2840 

- 

1 -dimen. 

-4690 

-6390 

+e. 50  
or -300 * 
or -5810 

to. 37 
or -405 * 
or -5210 

-6400 

+o. 33 
or -211 * 
or -5960 

+l. 1 

-6690 

3-dinen. 

-6600 
(<-3000) 

-7410 
(<-3000) 

-7150 
(<-30001 

-6880 
(< -3000) 

-7410 
(<-3000) 

-7220 
(<-3000) 

+3.04(+5) 
or -280 * 
or -6180 

-T550 

Spectrum 2b 
I' DisturbebR 

Floating Wtential (volts) 
- 

2 -dimen, 

-11,440 

-12,510 

-12,200 

- I t ,  870 

-12,510 

-12,280 

+o. 17 

or -11,018 
OC -278 * 

- 12,690 

1 dimen. 

-21,490 

-22,920 

-22,56Q 

-22,138 

-22,920 

-23,650 

-0,117 
or -235 * 
or -21.200 

-23,838 
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ovidanco that spncscraft aoomotry Dnd Hhenth potdntlnl 3hnpQ urn Lmpurtcint influ = 

oncm h dotbrmlnlna Plonllnp; potontlnlfi. It IH tmportnnl Lo natc that nH fhntlng 

pntndtlnl bocornm marc nbaotlvo, It nlsa bccomw morc sctnsltlvc tu tho prcdtonci, 
aP small nmounts UP hlflh-onarfiy oloctronn. Thls moann lhnt I f  n spncccraft Aieuld 
cncounbbr cendi9tent: that are "more disturbed'' :hnn thowe given by ICnutt's ,rpec- 
trum 2b, the values ln Table 1 meal llksly tu bo ..rignlflcantly exceodsd nPc thoso for 

the one-dimewtonnl cutoff. Thiv Irnplles that for design guryr 3e.c~ in whlch wwr:jt- 
60so information is desired, i t  l o  hiportant to do calsulotiohs with th - "niost 
disturbed" elcctren sqixt ra  ovsilsble. 

In obtaining these results, We havc made no nttenipt to calculate the time 
needed to approach the a teadpsta te  conditions which they represent. In genepal, 
the most negative potentials correspond to a balance between the small&st currents, 
and w i l l  therefore involve the longest charging times. 

Also evident in Table 1 a r e  situations in whlch the current-voltage chnracter- 
istic of the surface has three roots. For  these to occur, it is necessary that 

be substantially greater  than one, and that the incident spectrum contain e ' rnax 
sufficient proportion of electrons in the energy range where secondary emission 
is ;L maximum. The center root never represents a possible !loating potential, 
because it  is "unstable" in the sense that a small  change in tiurhce potential would 
cause a net current collection of a sign which would drive the surface potential 
away From this root to one on either sidk. A ruirrther consequpnce OF such a situa- 
tiott is discussed belo*, 

Table 2 includes the further addition of backscattered electron flux (Section 2) 

and therefore represents a more realistic physical situation. In most cases, the 
net effect of backscatter is a moderate reduction O F  negative floating potentials. 
In some cases, the reduction is large, a s  in the case  or a gold surFace exposed to 

the "qutet" spectrum. In several other ea. es, all associated with the quiet spec- 
trum, backscattering changes a multiple-roc' to a single-root situation. As indi- 
cated in Section 2, we have probably underestimated backscattered fluxe.si, and w e  

have also (Section 11 ignored secondary electron emission caused by ir/n impacts. 
Both of these effects would tend to Further reduce negattve potentials. However, 
such changes are likely to be small. The results in Table 2 shou1.d probably be 
regarded a s  consistent with obvervatlons of po.dntials reaching - 19 kV on the 
ATS-6  spececraft, a d  reported by Whipple, 17 
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Tab& 2. Floating F?@tenti.als af Shaded Surfaces f Synchronas-Altitude Spacecraft, Using the Same Surface Prop- 
erties &. Incident Speekra ae Assume3 hy ICnottss with Three, Tww, and One-Dimenaiod V e L i t y  Fpace CuhFB 
Carresponding to Orbit-Limited Ion Collection in Spherical, Mirlite Cylidrical  and Planar S,-m?:=ies, Res-biuelrg. 
Electron. bauboattering i s  included 

Surface nata for 
3a&ua+teEed Electron Emission: 

Aluminum- 

Aluminnm with 
Sxide Coating 

Reryzlium 
Copper 
Activated 

No Second- 
or Rackacatkerec 
Elentrons 

0.. 42 

a. 16 

0*1& 

a 18 

0.38 

Q 31 

0.33 

- 

Spectrum. 1 
l'Quiet" 

Floatha Potential (volts) 

3 -dimen. 

-28.0 

- L370 
-0. 68 

+a 55 

-1 56Or 

+Q 64 

+l. 4 

-1870. 

- 
2-dimen; 

- 2 k  1 

-2060 

+8. w 
or -1010 

+o. 55. 

-- 

-723 * 

-2390 

+Q. 64 

+l.  4 

-2840 

1 -dimen. 

-28.6 

-5180 

+O. 68 
Cr -490 * 
M -4210 

+o. 55 
or -922' * 
or -3190 

-59oQ 

+O. 64 
QT -522 * 
ar -3420 

+l. 4 

-6.690 

Speetrum 21s 
I' Dhturhed'" 

3 -dimen. 

-3570 

-6610 

-6200 

- 

-5.860 

-7090 

-5710 

+O. 41 
ar -9D8 * 
or -3810 

-7558 

-- 
2 -dimen. 
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Figtires 3-7 show CuFrenL-voltage Ch1BfticteriStics for sonic 6f the situations 
in Table3 1 add 2. Figure d skoWS a "typkal" clth,gle-robt dituatlon in which 
secondary and backscatter contributloris do nbt change the petieral shape of the net 
curtent Curve. F'igure 4 9hows the above-mentiorled case bf gold exposed to the 
quiet spectrum, in Whlch the backscattef cofitributiori chan8eg a large predicted 
ni?$atiV& floating potential to a much smaller value. Figure 5 shbws a triple-rbot 
situation. Figure 6 shows the disappearance of a triple-root situation because of 
backdcatter. In Figure 7, sdcondiary electron currellt is sufficient by itself to 
prohibit a negative floating poteruial. 

w& now examihe situations which mtiy arise in the case of spacecraft Which 
have $haded cavities containing eledtrically isolated interior surfaces. Figure 8 
shows Bn idealization of such a spacecraft. We wish to show that the effects bP 

s u r h c e  concavity may Cause ion dollection to be reduced more than net eledtrcm. --_. 

collection at an interior point such a& B, relative to an exterior point A; such a 
situation wculd result in floatkg potentials hore  negative thhn those bP Table 2. 

Tb demonstrate this possibility, w e  first note that ir, the presence af an isotropic 
ambient plasm4 iacident fluxes to any surface depend only on the locations, in 
velocity space, of the cutof€ bouhaaries inside of which the wbits of ambieht par- 
ticles can conhect "Prom infinity" to the surface. Figwe 8 $hovJe aset a€ the 
associated "cutaf? orbit&." We see frorti Figure 8 that the indluded ahgle between 
cutof€ orbits has baEh reduced ih gbing Proin A to B For io- but not for elektrbns, 
for Which orbits tangehtial tir the surface are Shawn as rsaehing both A and 8. 
Acebrdingily, the incident ion current contribution fbr  the energy shown wi l l  also 
be reduced, but the electron contribution w i l l  not. This picture is invalid for 
higher-energy electroni3 at R, whose orbits are straighter and wil l  have a greater 
tendeney to conhect back to the interibr surfaces o€ the cavity. l2Wt-1 thbugh such 
higher-hiergy orbits wi l l  generhlly have lower populations than lower-energy 
brbits, it is not clear whether the relative current reductibn at B wil l  bt! gkeater 
for ion$ o r  for electrons, Hbwever, this argument is intended to deMonstrate only 
thi! possibility that the bounds in Table 2 wi l l  be exceeded. Oti the other harrd, this 
possibility W i l l  be enhanced by the effects of secondary and backscattered electrons, 
which will  tend to be recollected imide any cavity, rather than escaphg into $pace, 
thus teiriihg to increase net electron eolleetion and dritring b a t i n g  potentials mbre 
neg$tiv@. This effect will be strorig'est for backscattered eleet.rm$ becaude their: 
higher emission energies W i l l  cause them tb k v e  dtl'aighter orbits. To draw firm 
donclusions wi l l  require detailed numerical dirilulatbn. A n  additibrial keatdre of 
cavities is their generally higher outgussing pressurea, which will  increase any 
tenderidies for arcing tb occur. More negative flbating potentials may alsb result 
if the ambient electron dts tribiltlon cdntains beam-like Constituents l8  which happen 

3 
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tione, ipith a One-Dimene pi orial Velocit$i-Space Cutoff 
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Figure 5. Cuprent-Voltage Characteristic for Aluniinum Oxide in 
"QWd" Conditiom, with t% Ohe-Dimensional Velocity-Space Cutcff 

Si @ 

P i B r e  6. Currerit-Voltagej .C&ractertetk ftif Quartz in "Q'uiiet" Cisn- 
ditlonj, with a Two-Dhneneiomil Veltscitj4pace Cbtoff 
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Figure 1. Current-Voltage Chatacteristic €or Beryllium-Copper in 
"QuiSt" Conditions, with a One-Dimensional Velbcity-Space Cutdf 

IbN ORBITS ----- 
E i t x i m  taws-- 

Ptgure 6. Spacecraft with. Shaded Ieblated Cadty, Shawtn8 Incident Ion 
and Electron Orbit$ with Energlee Close to the Loweet For which Cblled- 
ttbn uf Each Specie& i& Pobeible. The orbit&. ahown are cutoff orbit$, 
defined ai3 the moat neirrly tangeritlal orbhi, fQF which lndident particlee 
oP a giwn energy are able to reach a given pblnt on the. epacecralt sur- 
face, having tangehtlkl veloctty component in a given direction 
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to be directed hito 0 Ckvhy. Esfiecihlly eWere arcing pr6blemsl &re khown to have 
oceurred bemeen Bletltrbnih cbtnpmente momtea inside 
DSCS spacecratt. 

Fihally, rive discuss sbme furthee lttqilhtionri bf the muittple-robt results 
shown in Tables 1 m d  2 and Figure 5. Colisitler ti sttuation hVolitlhg two br  mb*& 

adjacent but Lsblated spacecraft durfl;LCes Which a r e  made af the $arm material, 
and whose exterilal conditions change with time, as in-the case of the-vary tng  
ambhnt digtributionb, or a dpacecraft rotation which carr ies  these surfaces from 
sunlight into shadow. Such a situation might involve the cdntinuous evolutioll of a 
s i n g b r b o t  into a multiple-root aituatioh, and the possibility would then arise of 
a "bifurcation" phenomehon in which different surfaaEe elehents FoLhwed different 
potential hls todei ,  Jvith ri Correlp6ndlngly large pbtentill dffTerence arising 
between theril. Agaifi, detailed numerkal simulation8 are necessary in order  to 
f h d  out if subh phenomena can actbally obbur. 

cavity at one etid af the 

. 

4. coNctuslo?4s 

UpgeP bounds have been calculated for negataU3e floating potentials fHhidh may 
be Acquired by electrically idolated shaded surfaces on ayriehronous spacecraft. 
EFfects of spacecrA€t shape and sheath potential profile Haec been shown to Have 
large hfluencds bn such potentials. hclusion of electroh backscattering eurrentd 
caM& drily a moderate reduction of thegle negative yotentiale in mast cases. For 
idolated supfaces inaide shaded cavities, negative floatfng potentials may exceed 
thoee on convbx surfaces. Itl some conditions, twb pbgsible flbatirig potential$ 
extat, lekdihg to the possibility c t  "bifurcation phenbmenaft in which adjaceht bola- 
ted BuPPaCes made of the same material may foollo* different charging histories. 
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