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TIIEIiF: 

In view bf the aata generated on spacecraft charging, hbw should progkam and 
ppoject manaprs Proceed with the desi@ of syllciirbnous spacecraft add verify 
thetr desi@? 

What analysts tools, shdcirdtzed des t& criteria end requtrements, steindard- 
tzkd environmentat spkiclficattons are requlrbd 9 
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What, it any, spbcifk tests should be instituted to aosut'c! the integrity o f  the 
defign atid immunity from envlrontnental effeetd 

Ilousc~kaeping #oniiurs 

When should Bh aperBthxil..system carry  housekeeptrig moriitors and what 
kind ? 

t.hbortitbr! hnd S ~ H C V  I)aitt-- 

What additiotial material and erivironmental data is required for Spacecraft 
desim tkvelbpment 3 

Panel Member Discussion 

A. Rosen 

S. DCForest 

The theme of this discussion is that in view of the data 
generated at this conference, and prior to this conferenee, 
hbw should program manggers ahd :,rdject managers pro- 

cee8 Jvith the design of slynchrontrus spacewaft and vepify 
their design? Progr&ss iri :his field has been sigitifirint: 
!n the area of spacecraft design and fabrkation, in the 
as& of spacecraft testing, in the area of hbusekeeping 
mcmitors, in the a r e a d  laboratory data, and in the area 
of spakc! data. But i r e  WI? really doing enough? Are there 
gaps in cur coverage? We hatre been exposed to conflitti!ag 
bits of data at this conferehce. How should w e  proceed in 
the ftitwe? The first person to reply to our theme questions 
i9 Sherntan Depot-est Whb is going to tali; about the 
en vi  ronmctl t . 
Okay, I have approximately five minutes, I giiess. I h a w  
thee paints that 1 think ape rdther i r ?  yortant. One is that 
just  at this mtetirig, I got A I I ~  fit.st loc5k at data w e  took this 
Sprihg wlth the ATS-6 heutraiizer. fh other \kords, we are 
stlll  gctth& ti& diits and scratching our heads. The data 
base is incomp1e:e. GEoS going up with our Europtari 
colieaguuas, arid SCAT'HA going up; I thtiik that will really 
help. The zn~~l i i  poitit Is that the data bdse is iheomplete. 
The second t h h g  is that even wtth the data base that we 
have, two dayr ago I had $ut oUt my ideas of what Rn accept - 
able model or environrrlenta!. speclftcation should be. 1 
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have bwn tPgin$ to talk to everybbe I euuld but hem tb get 
some feedback mi what they thought. The ieadltigs I ars1 
gettine, loud and clear', fs that there BPL! ti lbt bf engineers 
whb da not Want a good model, rather they need some 
numbers right naw. So an the tape here & am going down 
on record as saying I wi l l  switch m y  gfhrts €or the present 
time tb gettlng out a short terni, better grade interim 
model which wi l l  be relatively simple, of limited I&?&, but. 
will have sofie nuinbers to work tb. I think this is  one 
linessage I Have gotten back €rum jrbu people. The !hird 
pbht is one that I keel wad missed, and it has tb do *ith the 
theme here; that is, future directions on where to go. 

There is only one paper whith really medians it and that 
is the spacecraft have changed state. I am going tb make 
I weather ana loa .  We know how to build houses that 
would survive tbrnallos o r  earthquakes. It is not cost effec- 
t i w  tu build these kind bf houses. YOU Cari't put a11 mili- 
tary bases Wder Cheyenne rhountah. I think the same 
thlng should be true bf spaekeraft. We need zi pfedictian 
capability, and I dori't think anyane het@ ha3 consiWt'ed 
that. I deliberately avbided that, myself, to hear What 
other peupfe thbtrght. But I think w15 should get solhe ideas 
tbward using the BdvancBs that w e  Have in magnetospheric 
dyrsamks, our undet-standing of it, to set up a method cf 
predicting. I think with the state-of-the-art, right dow, i f  
w e  warit to db it, we cuuld get twenty minute warnings, 
*ithod too much tPoubk. If you had this soft of system on 
h e ,  theri yaU cotild have ybur spacecraft sefid up a com- I 

mand to it and say a stortn is Cbming, shut yourself down. 
This inight be a iot cheaper in the long PUh then having the 
spacecraft itseii' sense that somethine is happening. YOU 

mtght want to dt, that f o r a  nitiitary spacecraft but for 
cammuniedtions spacecraft, I think it  might be too expen- 
stte'. So on9 thing that I would Iike to see ih the future, in 
goiiig along W h  the theme, is the idea to set up a pfedlctive 
o+ .line capabillty arid. then destgtlfng spdcecraft that miehr 
be abfe to charige their state and in some way be more hard, 
for short perloda. 

The next speaker fs Elden tvhlppie on hlod8ltng. 
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Okay, I juAt have three points tau. I have bbcn vcPy 
ehcournged by the results that have been presented he€%, 
at  th!s confercace, oh the modelthg. I am talktng here 
about modeltng the sheath, mbdelirig the currents from t h e  
brMrbnmeht to the spacecraft that Cause a charging prob- 
lem. I think that w e  really a r e  making progress, and therc 
is a 1 '  . :-dimensional program in the works and more 
than one grbilp i s  involved in this kind of effort. I think in 
the next year w e  shall s tart  seeing some real good resuits, 
in this area. J realized oae thing in talking to people, the 

Systems Scienee and Software, Inc. effort is taking a first 
crack by ni?gle&ti31g space charge, and I thirik that is a very 
gaod approach. It may be a very realigtic approximation. 
The Debye lengths a re  very big out in this area. It may be 
that when we understand the problem, that a(! cari neglect 
spa&e charge completely. And this could be a help iri our 
modeling of the currefits. It will make it much easier  for 
engineers and people involved in designing spacecraft. So 
I think that possibility tu really very encouraging and we 
should eertaiiiiy look at that approxihiation first and .see 
how good it is. I think eventually we ought to be able to 
gbt analytic or  algebraic ex@r&sions for the currents. 
Now Lee Parker and I were able to do this some years ago. 
We were worried ?.bout. a two-electrode system and w e  
were able to approximate our computer calculations. After 
w e  had done the computer calculations, w e  saw a way of 
approximating them such that we could get algebraic expres - 
sions for the ch:irgiag currehts. It is  a lot easier  if you 
have somethttig like that to work with, to calculate what 
the charges are eventually going to be. 
be kept in mind. The computer, the exact calculations, 
have to be doiie to give us n bench mark. But once you 
have them ycu ought to be able to find out where to make 
your approxcmcitions, so you get tractabtb expressions that 
anybody car, work wi th  to do their design with. T*lnail>, I 
woiild like 10 emphastze , . . . . No, one more point con- 
neetkd w t h  the modellng. Nobody has started worktng yet 
on 8 specific three-dimenstonal model fot ihe SCATltA 

sljdcecraft. 

I think that should 

Now I think that is being talked about, but 1 
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haven’t heard it talked about publlclp and I would ltke to go 
an the Pecord as  saylng that shauld be started. It i s  not 
golnp to be an easy thing, I don’t think. It shouId be 
started sbod, so that when SCATHA does go up, we have a 
wovking Model we can go to and start using to.minpart? the 
d&ta. Okay, my final point is to emphasize again what I 
said in my talk, the usefulness of lab work. Agatd, I think 
this is an area that has ‘i,esn relatively neglected. There 
(vas mbre here at the confer(fnce than I anticipated, and 
especially the wbrk that is going on at Lewis Research 
Center is very eiicouraging. That way they are able t o  
generate fluxes of eiiergetic pa r t i e lb  in their vacuum sys-  
tems and see the effect on materials. But I think we should 
go beyond jus t  looking at the effects on specific materials 
antl put together a composite tniniature spacecraft that 
truly represehts real spaieccfaft confiigriratioh, materials; 
and see what happens. We  need to have some kind of a 
model tb Use to predict What will happen and go itl ahd see 
what does happen and begin to gst some cohfidente in the 
c aieulatiofis, 

Mike Sellen on Laborhtbry Research and Simulation. . 

I..would l ike to address three points and one of these is the  
question of similitudk. This gets to be fairly fascinating 
when once you get into laboratory experiments crnd t ry  to 
duplicate space. It would be a healthy viewpoint to s ay  
stmilitude yes, but always in moderation. There has been 
one experience in combined environmental test factlititis 
which 1 think is consistent; that is, that they continue to 
iastst oh mote and more s tmi l i tds ,  the usefulness of the 
€acilitks tends to go down, You can always a s k  if the 
cosmic rays should brt thefe o r  whether the extremely hard 
EUVL shouid be there o r  a variety of thin@. On the other 
hand, it is rathet clear that there are certaid opetiets as 
fcir as  this testing goes, Riid the spacecraft is going to 
operate in vacuum and it 1s gotrig to operate wi th  some khd  
of eiectrol! environment arid some kind of photons. I thlnk 
it gets to be a hard and fast rule that baslcally is  @here the 
test results w l i l  come. You simply will not test spacecraft 
In ambient air under any circumstances unless that k the 
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mbdlum yob intbnd to Fly I t  iir. The ibcond thing i s  to tr)' 
and talk about what I think might kc thc overa1.l purpose ajf 

a great deal nf the lob research, and I say that thcrc is I nc 
outstadding thing that comes out of i t  that gives YOU a +cn:je 
of perspective. I f  there is a sthgle physical parameter that 
has a grea te r  variatiori than conductivity, I aim not  :iure 
right oft what it is. It goes from 10'" ohms centimeters 
down to microhm centimeters.  It ha3 a variation (J f  10 

in it from one material to another and particularly when 
yoti get into weakly conducting materials,  it is  just a func- 
tion of just about anything you can think of, particularly in 
what w e  will call  weak field conduction, less than 10 volts 
per  centimeter. .And so one thing that can come out of it i;i 
the possible perception that you are dealing with a 12 

parameter  ppoblem that includes all 3f  the history, includ- 
fng that of the manufacturer on the tright that he made the 
sample yau are looting at. And i f  that i s  the case, then 
maybe one think that the iaborato1.y experiments will t ry  tu  
db is not to t r y  ana solve the *hole ppoblem, it may simply 
have too many parameters  in there, but it will tend to 
direct the effort off irito what I'll say is just reducing the 
problem. We w i l l  talk about k a t  in th;s third point. The 
other possibility of using the laboratory again for perspec- 
tive is that I am s u r e  there is  goirig to be an increased 
analytic effort and already the computers a re ,  I guess, 
going to be brought to bear. I think the laboratory will 
s e rve  as a very necessary antedote to this. I always dis-  
covered even when I a m  doing it myself, that there is  a 
subtle narcotic effect toward having the computer begin to 
ruh thirigs out and, about once a day, have an expef-iment 
keep some of the perspective because the initial. assumptiofis 
of the computep program a r e  forgotten I think,wilhin a few 
hours. And these a r e  very sparingly based most of the 
time. The third point that I would like to discuss is the 
use  of the laboratory to reduce the problem. I thtnk the 
majority of the program offices would rather  see a quick 
solution to a small  problem than RII elegant solritton and a 
prolonged solutlon to ci very cotnplicated one, and there 
a r e  all  these questions about using these methods to et ther  
bring the man to the niountain and v i m  versa and thc m l y  
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que8tlan 1s whether yaU can use the laboratory to keep t h h  

lemai the gross ones, I think the ones tH&t could do dnmsgr 
to spacecraft will go away if you make thc ineteriol con- 
d\lctitre. Wi? will cilwa+~ be t iv \led with problems of the -.-" 
.rCi@dtific spacecraft. The m a p A  thing is to use t he  
laboratory to very rapidly siniplify the problem that one is 
looking at, because most of the applications her'e, I think, 
would really rathef get on to mahy other thihgd that spaee- 
craft have on their agenda. Thank you. 

thlhg troln bbhg 8 mountaiI. Modt of the cknr,yc up proh- 

John Steveris on hboratopy Spacecrart Investigations. 

I would like to talk about three diff&rent items a s  well. 
What can project managers db to help their d e s i g ?  
You've heard a couple of papers today talking abou+ the use 
of sparkers and looking into the  harness response. I think 
this type of test should be amplified; it should be done early 
in. the design phases arid get away from using the flight 
spacecraft which imposes severe lifnitatiohs. You can 
cbupls a sparker 1r.h a tgptcd +-pacecraft engineeridg 
modei (br something similar) and look at what goes idto 
the harnesses. I believe this will imprbve the transient 
specifications. Anbther point is that actual sphcecraft 
respcnsk to the ehvirtrnment Is needed. For  that you have 
tb scale. YOU can't simply go ftom small sample responses 
to a full size spacbcraft. f believe you a r e  goirig to have to 
get into testing complicated, large apaceeraft models in r= 

simulated envirbnment. Combine this *ith Elden's corn- 
merit on develbping a model tb predict your performance. 
'hen, you might be able to handle how to desi@ the whole 
systerll withotit hatridg adoniali&. The last point is that 
operatianal satellites, hopefully, will be carryiiig monitors 
in one furm or another. We deed space data. We deed 
iiomethtng to tell ahat  Is goitig on in the spaeecbllft in 
respbnse to the ehvirtinfheM. With these ththgs together, 
hopefully, yoti can build yohrualf a spacecraft thtt v~oilld 
survlvg, wlthout anomalles, lil the ypace odvirohm8nt in 
which it must opdrritb. 

Bill Lehn on Matertal Research. 
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As you have heard in the pfes8dt5ftoda in thc IdatkPlald 
Development session, mdteri5l.r resdarck ERA devclopmcnt 
i s  underway add new and modified matertals a r e  Wine 
developed under these program3 tor toflslderathn and 
bpplicatioh by the spatecraft commufiity In the  desi@ and 
consttuttton of spacecraft. There is avatltible rleht dow 

the new h b A c  thei-mal control coatin$ type material which 
your have heard discussed. I feel that the applieatibn OP 
this material bfPers an excelienl opportuliity to allevhle, 
at  least in part, the problems of des{&ning arouhd Bbme of' 
the major spacecraft Brchg problems resulting ffom 
dieibttrk! multilayer blankets add sbXar array substrates. 
The other materials bein$ developed, the modified poly-. 
merics, aird others are a little lodger range befo-e success- 
ful application wi l l  be rsiiliaed. So, at least for the immed-- 
iiite future, the desigriers are going io have ta us8 the 
materials that a r e  currehtly availablt? and desi@, build 
and test the varlow spaeecriift systc!!fns with these mate- 
rfald. Hopefully, the other trl8teriaL solutions tb reduced 
suFface potBiZttall in iadditidn to reduced &Pictag wil l  be 
ftirthcbfifhg. Thede materials sblbtibns, tkbu~b, will re- 
quire the combined cobrdinzited technical efforts and inputs 
of nbt only the enp;ifieering simulation and characterizatiba 
group but &all of the results of the clasvkal  o r  mgteriais 
properties gliaqj beink inputted to the materials prsgpam. 
Hbpefully, by this cbfribihation of efforts, materials solu- 
tions will be brthcbmhg. Some bf these a r e  langer rolnbe 
bbt wl11 letid to useful materials. Reducing the ovei-all 
surface potential at a spatecraft tb 1bw values, CY not a 

shbrt term but rather a langet' r&ngt? groblem. It !s not 
quite as s h p l e  ad modeling ad  some ot the othef problem 
areas. 

Stu Bbwer on SplCecrLft Tedtlng 

Both Johh Stevens and M t k l  Sllch havk made some com- 
rilents on the subject. I gucivs a little dlssekislori is a &od 
thing et ti niddtlriq like this, so t thidk till  furnish a llttle. 
I ulfree iw 
cables comb ..;IC: With aiidlgsis to evdluate what your deeds 
are tiiLid how to use this as a dkslgn tool la the early steigeu 

on testkg by small  dtechafges along 
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of the satclllto design. cln the dhrjr harts, I back off n 
ltttle from 1VjikiYs thoright whops hs wnnts to t e n t  Ln the 
ambient onirtronmbnt. FLePh~pd ts..ittng a tu11 .ratellife In a 
vabutjm chamber wtth D pl&vma seUPco is Q highly dsoiPablc 
thing from D Pdsbarch standpoiat and to detePPr.;h(! how this 
cortbuponds to what you can do with lcss expcnsivc, less 
t h e  consuming test such as  sifnblated discharges, I sort  
of Peel in tho long rtjld that It mtly r d  be necessary to use 
such ah elaborate test on 811 spacecraft as  a valtddtibd 
test. You can learn from this and ultimately w e  should be 
able to apply this knowledge and cut the test down to some- 
thing less dxperlsive and less time consuming. Regarding 
the thoirght that you can never get arl adequate test unless 
ybu test in the actual environment, I would like to make 
mefitiun of the fact thAt this is very rarely done in any kirld 
of system, abrospixce o r  otherwise. You depend on simu- 
lation test, for @%ample, in survivabi'ity of a satellite, 
We do not test them in underground tests nor do wi! test 
them In spac&. We do this BntIfe!y wtth simulation. It 
takes a ceptairi amount of teseafch and thought before yc,U 
a r e  satisfied that you have an adequate way of dbing this 
and you Usually inbotporatt! some s s k t y  kactor t o  give you 
confidence. Just one more comment along this line. 
Earlier this morning, one of the RCA people was talking to 
me and pointing out that they have two synchronous satel- 
lites up: o:.e has been up I'or almost a year and the other 
has been up for a dumber oi months. These satellites 
were deslgnec with w prrovisions fop  spacecraft charging, 
Nothing was dotie about that. They simply desigiled them, 
on what they thought wwe gbod design practices for those 
satellites. They have nn evidence of any upset from space- 
craft charglirg In their electronics at thts point in time, and 
the evidence of dfschafges occurrtng in the solar arrays,  
coming down through the boom, are very mlhlmal. Those 
that they hbve had, amount to just  a few amperes, perhaps 
5 atnpt5res, whiL:. is certalnly vePy small dtscharges com- 
ing down thtough Ihere. The princlpal feason I b h g  th t s  
up ts I gueds lhat I want to make sure that vlre don't go for 
an overkill here. Maybe they just plain lucked out on this  
thing. But hi quesliontng them a little bit, they had a 
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fairly good Faratday cngc, nnd I .ru.rpt.ct n l w  their rlgnal 
lthes normally wePo coax c n h l b .  They worc getting rf 
protezttan from Iwo murccs .  And the point {pi, i f  YCJU clan 
without any effort and rencarch end all thc other ftnr: thtngg, 
cimign spncacrall.: that wtll opcraEc In this envhmment  
wtthout dtschargen, I thtnk w e  will have !O be a little prna- 
tical about It. Along thls s ame  Hnc, of course, ATS fi is  
relattvely fret? of anomalies of this source. Granted, they 
went to some ra ther  extensive steps for rf shioldtng. 

I am glad that someone came up with something that repre-  
Jents some degree of controversy, especially here in the 
area of overkilling the problem. We have on the pane!, 
member& who a r e  a little bit c loser  to the manaqement of 
spacecraft systems. I want to ask these members of the 
panel to commeht and also ask questions of other panel 
members. 
response to the point that Stu Bower raised. Now do we 
achieve any degree of standardization so that we can address  
the prcblem in a sensible way. I would like the persoiis 
who are closer  to management to comm6nt on this. Do w e  
need Committees ? Should the managers theniselves partic-  
ipate id the program, To open this thing up, I w i l l  ask  
Bob Lovell, Maury Bunn, Charlie Pike, and Meryl hIinges 
to comment on these points, Let's s t a r t  with Maury Bunn. 

ftavihg just come oLt of a program office, I think it is quite 
important that w e  include the managers of program sys-  
tems, I spent two years  on the DSCS program trying to 
get them to d y  m o d t o r s  and I was not successful. I think 
i f  they had been a t  this sympostum, it might have been 
easibr to cohvince them that these thin,? do exist and w e  
have got to design the systems to withstand o r  be insensl- 
rive, o r  not to respond to these effects. I guess I would 
like to s ey  that w e  should deftnitely tnclude the management 
from the Program offices, the A l r  Force, in particular 
and I would assume that In the civiliar. COhlSAT comnlunity, 
it would hold also. 

The question, as I see it is what is the cor rec t  
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Alonfl tho llns of whnt Mnury h m  jw11 mid, I hnvc nctunlly 
bobn worklng wlth Mnury Pur n number of yonra In thi- 
moa, W a d n D ~ ~ 1 ,  thoro csrtnlnly 1;i n print roluctnnco t o  
fly monttom ahd tho prcveiltnA p h l l o ~ I ~ p h y  hnH boon tho 
quick Plx. UltlinQtQly what w i l l  r Q d t  from our work nnd 
I Peel what We really turn tnto the  Oporntlannl communtty 
has to be semcthtnfi rather botlsd down. If our re tults nrc 
th a very ssmplox fadhion, by the tlme they get into thc 
wsrkltig csmm,.mtty, our rcmlts  could be lost. thless 
our' reurtltd 3re ln a very handy fotm, w e  really would have 
missed a lot of our goal. So along the lide of quick fixes, 
recommendations should be to ihe point, but of course 
hased on a lot of good ehgineerihg and scientlftc research. 

Bob Lovell for cemfnents. Do you have nny questions9 

I gueds I am answering the questlon o r  cornmentina r)ii the  
question or: how do we coordidate our activtties. Is that 
right? okay. I don't know how mahy of yoi: know about the 
joint programs that the  Air Force and XASA have. There 
is  a plece of paper out that was published in the open 
litc?rature. This basically describes what several of us  
here worked on and togethei. it is what w e  call a rosd map. 
It lays out our plan of attack oh this proolem. Part of the  
road map calla for sor: of a Steering Group. Again dome 
of the same people o r  most of us here are on that Steering 
Group. It was described at the AGO nleetlng last June 18 

and its title "Spacecraft Charging Ihvestigntiohs. A Joint 
Research and Technology Program." It's a piece of paper 
like that. 

By the way I ought to mefitton that it's also published in 
AIAA as Progress ih Astronautics and Aerohauticrt Series 
Publicatkin, Vol. 47 "Spacecrart Charging by MaijrltStospheric 
Plasmas. I' 
My point is that.We a r e  trying to coordtnate this wlth every- 
one, The users, the people who need thts tnhrmatlon, and 
so w e  have a Steerlnc; Croup. The Steering Group had set 
up worklng groups. These worktng groups a r e  Idontifled. 
I guess we are the only ones who know thelr names rlght 
now; but baskally they are tho people you have heard talk 

885 



r l- r r 

5. .. 
- = , :  

?! 
- 4 .  

Y 

( '  

"L a. 
===%. 

A. Ro&h 

M. Minges 

r 

and they fi t  ihtb the five elemerits that wc! kttve broken ap 
the problem l f h ,  The deeinitibn of the efivtFonmetit, is 
chaired by LA. Hank Garrett. Mbdelidg which is cochaited 
by A1 Rubin, ana Carolyn Purvis. And Y O  on, So w e  have 
these groups of pc..aple. What I encourage you to do is  get 
better acquainted .;iiCh the working groups. Now w e  have 
asked them to go out and consult, not odly with the A i r  
Force and NASA peaple, but the university peopld and 
indtlstfy that is wor;..ing on this problem arid making tHh 
contributions and als 2 the European communietes. I would 
encaurage you ta cofiact them. If you haw some thoughts 
and if you think that tltis bfFort i s  nbt goitit* the way it should 
be o r  should receive different emphasis, contact those 
people, because we are looking tb them l o  give us planning 
direction arid we a t e  trying to get the resources arid try to 
make sure this whole tliiig keeps going. We on the Steer- 
ing Group all keep talking to each other, but we are really 
looking taward the workiPi;j groups So I guess my answer 
is that we are trying to coordiliate it that way and maybe 
now I have told you that the groupl exists, you can contact 
them and get your inputs in. 

Merrill Minges oh Mlterialri Development. 

From the matepial delrelopmtut view, I am both encouraged 
and discouraped by what I have heard the last three days. 
Encouraged ih the sense that we a r e  learnihg a lot of new 
things about materials, but llkc? the planetary probe work, 
for each question we answer in the process of testing we 
rabse two new questions. This situation develops from 
what Mike Selldn was saying abocit the multiplicity of param- 
etefs thHt tnust be at least consiaered i f  not actually intro- 
duced in experimentally evaluatlnl{ and characterizing the 
Materials for spacecraft use. Thus, I would a sk  the 
question of either the people who develop the materials and 
ruii the tests on them, the chdracterizatloh tests, o r  the 
sp&cecraft designers: "Can w e  come up with an agreed 
upcn list of parameters and evalfxitions that we ought to be 
conductrag on matei'ialu to assure dependable system 
design?" Cah w e  stahdardlze on the tests that w e  should 
be performing so that they will be reasonably complete in 
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E. phystcal prtncip&l sense, but fiat get iiito overkill In 
Eerms of time and resoubees rccjutred? Anothet issue 
relates tb the letiel ot  materials developtrlent fuhdtng, 
beeause It feel we are somewhat out on a limb in develbpink 
electrically kondUeIlvo matertals fur  spaceeraft systems. 
The furiding is very mat.ginv1 in my d e w  relative to the 
r i s k  associated With the developments. I think that con- 
ductive paints is one typical e%ample, 1 don’t feel in the 
n e l r  tetm that we arb gbing to get a conductive satellite 
paint that has anywhere riekr the desirable th8rlnal kontrol 
char8CteriStics tha.t me would like. We can always find a 
conductM black paint 6r a greeIil one but you pay for that 
iil terms of the heat load yo;l pbt iirto the satellite because 
these are not optimized irl thermal kontrol terms for 
example. Irl bur A i r  Farce interagency deliberrltiohs with 
NASA over the past number of years, the net result is that 
NASA-is lobking toward the A i r  Force to put most of the 
funds into materials develbpmetit. Well, we  have ri,ponded 
positively, but it is a inbdest sum, overall. Further, iri 
as$esshrg what is gbiag oh frl Europe it is my ooihibn that 
there is very little materials development. worh there, 
although we a r e  looking more klosbly. Sb again, I feel 
that w e  have brdy a modkdt amoudt of hhding cxisLdering 
the magnitude of the problem, and I hope that this funding 
in materials develbpment isn’t swamped by the complefi- 
ties of the testing data that is required. 

I would like to open the discussion so that p a i d  members 
could a s k  other panel members questions first before open- 
ing it up t6 the audience. Charlie! Pike htid a question that 
wad directed to Eldbn Whipple. 

In y6ur comments with regard t& requirements for a model 
for SCATPA, to what levBl of geometrical detail do you 
feel we shauld go intb ta atc?;fatdljr hiodbi the spacecraft 
conPiguration. What level cd rridthematicai detdl  is 
required, ih your oplnfon, for this modelitrg. 

W d l ,  I havenft really thought about that. I @ess mf 
inttrtt1v;e feeling is that, as you kiiow, SCATHA is e very 
complicrited satellile. It has lots of booms, a very long 
diiteriiia for meastiring electric flelds, several shorter 
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bodlfie P6r me88drlA$ sheath arid $pacecraft i.eb.tt?d d e c -  
trtc Pields, and a tfta$netometer booir,. I think that we 
shoWl-haVe sortiething that 1s' rea l is tk  enbtiigh, that the 
rough erirhee features are represented. It Bhduld have 
bdrrms in Some crude Sedse, the mtenna, the mameto- 
meter boom and It shouid eldo dimulate the surface, the 

surhce properties. Ybli KriuHr where there are 
insulatdrs and shbuld represent with an insulating mbdel 
and, where it id  conducting, with a conducting niodel. Nut 
in the centiihtster scale perhaps, but certah?.y bn the ten 
ceritinUter scale. 

I have a puestisn apptopriate t s  t h h  topic. During this 
cbnFeretice we heard mode!§ described that. ran the whole 
gamut froin dimple circotts, lumped c t rcWl ,  tb vety ele- 
gant three-dtmedsibnal, dpamica l  computer coded that 
simulate the trajectories of particles cumiing in. Are the 
simple Models at all 9aluables They are muCh e&sier tb 

operate at this t h e  and very easy tb discuss and analyhe 
and know what you are getting. Are they worthless? Wh&t 
i B  your feeling abbut eimple rhodels at this time? 

Well, I think simple Model9 ape 3 w y  valuable. They serve 
tb illustrate the b&sk  fihyeital .rsrocesses th8'. are @trig on. 
They &rve to elilfiin8te ISroCeiised th&t tire trdt ;here and 
help you to get at the right ones axid irl the wbrk that I have 
dbne in the past where I navG ha! t:: wnrry abbut low e n e r e  
particle measui'bments, it has alwaysi swprised me how 
well a very crude model can describe the data. FW eXatn- 
ple, 
ctirrent Bs & ftnrtion of voltage. Well, I used the Debye 
potenthl to mbdel the patentill distributtan around the 
sphere. We knbW that is rtdt an abeurate solutftm, but it 
tit the datli extremely well. And lookifig bhck on it after 
we did it, I think w e  C a n  expldti wh$. But cer tahly  the 
very siniple repreuentatibns, I think, can be very ueeh l  
and eurprtsingly Road in those ckses. 

Elderi. lri constderiiig the S A T H A  vehicle, in partlculbr, 
to get a ftrdt order effect apprdxtriratlbri, let% Wy, what 
eflects do you think C e  codd  assurfib awd.)? I see; thilt we 
Have to rim the eiixiple models to t ry  to get to the idtarnal 

showed a d i d e  in m y  talk where I had electrbn 
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response of the syjtem. And Ealsb think thl': w e  haye to 
do some extensive in depth modelitig so that the experimen- 
ters w!!l kdbw what is! going bn ifi that sheath fegibn. The 
problem is that it is going to happen in reverse. If you 
have the all-up modeling to show you which were 2nd and 
3Pd ordet. effects, then you could go into the simple model- 
ing and db it right. Is there a way o€ coming up with the 
2nd o r  3rd order effect without the all-up modeling so that 
the simple modelihg can be conducted uow when you need 
i t ?  And then have the all-up sheath modeling, what you 
call 3-D mbdeling, coritinue in the future. 

I am not sure  I understand completely what ybu are asking, 
but I think what I have in mind is, first ok all, when SCATHA 
goes up, Joe Fennel for example, is going to have his 
booms out there to measure the sheath fields. Well,  I 
think the zero order thihg w e  need is the geometry. That 
sort bf determines the gross features of the electric field 
pattern. Nbw we need the geometry arid w e  would deed the 
surface propbrtkd. I thirik that kind of a 3-D model, you 
know have 3 -diniensibns with real  geometry but neglect 
spaee charge and don't worry abbut efkcts  of phatbei.iission 
oh the sheath o r  even effects of the plasma, the enliron- 
merita1 plasma, on the sheath. I think that will probably 
give a pretty good pepresentation of gross electric field 
conhguf-ation. Now, we are not, I don't think, even at that 
point yet. We may be close to it because i f  ybu neglect 
space charge it reducks to just solving Poisson's prbblem 
fop complicated tfeometry and that shouldn't be too hard to 
db. Arid the next step would be to put in the particles and 
merely see where they go, to track them from their source 
through the system and then back out a$ain or to wherever 
they go. And that will give you a f e e h g  for the look ang1-s 
fop the instruments. You know, what a re  they sbeing &hen 
they look thto a eertain direction. And that is th6 first 
question that experimenters wtll start asking; when .they 
see particles, they Want to know what it is that they a r e  
sebidg. Are they photoelectrons, are they environmental 
electrofis, where have they been accelerated 3 And that 
kind of question you should bb able to answer with this kind 
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of a s h p l e ,  simFle in the sense that it.is not self cotwis- 

tent, but &bmplkated {ri the JeRse that I t  really repteshnts 
the geometry. But \ke knob how to SblVe that sort af pl'bb- 

lertl. Does that answef your questioh? 

Yes. I have just  been tryin& to get a handle an hO\k we go 
about this whole mbdblihg technique, and the way that I see 
it is prbbabiy about what you described where w e  take a 
relatively simple model to find orit how the vehicle is goit@ 
to respond, as soon as  possible, Some ground test3 shbuld 
theh be pefkrmed in brder to understand it more wherl it 
gets into orbit and to verify this mbdel, and then to continue 
in the more complicated modeling for the experimenters. 

Y e s ,  I guess one thing that I should add here. My view- 
point, I thihk, probably represents pretty much thbse of 
the experimenters where w e  a r e  more interested in the 
science of what is goid& orl akound the vehiClb arid nbt ta 
first order in anomalies in the spacecraft. Although i f  

sbmething happens, w& are going to be very interested. 
But the kind or modeling that I descl*ibed may dbt suffice 
for getting at when discharges wbuld bccur. So that may 
Hot be srifficiefit for what you waiit eventually, brit I think 
that id what the experimenters wadt to analyze their data. 

1'11 reCb&ze Bbb h v e l l  at this point. 
ask a questibn? 

Did YOU want ta 

I wotiid just like to say satnethifig and get everyone's 
I'esponse here. When w e  ask  a question about how much is 
enorugh in anyone of these areas, whether it is modeling, 
materials development or whatever, I would like to thihk 
of the spacecrbft chargiqg pzobletn in terms of how it 
manifested itself. There a r e  four- levels that I see. The 
first thing that we see is eM1. Add thdt is an immediate 
problem aid I thihk one that is on the top of the pile. That 
is the first thtng that w e  have to handle, The next is mate- 
rial degradation. You might recall horri some of the talks 
that some of the matertai does get destroyed and for some 
missloti we woirld see some thermal problems and I thtdk 
that ts the next Ievcl. The third level 1s what I wodd call 
coHta!idriatlon, Aftef .  ydii solvd the othet two, you rhlght 
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be wbrrled about what comes back Lo tho satellite and fouls 
up your optidal surfa&es 6r that soPt of thidg. Finally, the 
sdeilbe. The pactple W R t  waht to dd science misslbns m5y 
require very soph i s th ted  model3 and precise control. 
When w e  are working on this problem, that 14 the priotity 
that I perceive and 1 hbpe w e  Have agteed bn the priority 
here. I Would like sbme feedbatk on it. We have tc start  
at the top of that add go dbwn. Now when w e  introduced the 
SCATHA in bur program, which is a big investment and a 
ngcessaty step, that way require that you get very sophis- 
tikated to get everything out of SCATHA that you need so 
that-you ban cbme tack around and have those ariswers. 

E.  whip^ ~~.______.-..._..__. It bothers nie a little thkt you gut scierice at the bcttom trf 
thase four levels. I thinkmaybe that your point is; that 
Spaeecraft has to survive be€ore we can do the &..en&?, and 
that is h i p  enotigh. 

R. Love11 

S. Sower 

1 think that our tustbmbrs out there in the world a re  mostly 
operational people these days, arid they're the bnes nhvinp; 
the problems. 

One might piit it a different way and I think w e  must be a 
little bit ixir;o€ul. Amorig the contrictars and thIi2 people 
who design these thhgs, there is a heck of a lot :.lore m&n- 
power there than there is here. That is, a. lot rhore con- 
oentrzited fnanpbwer who ape clbser to the probl.em. They 
ape going to cbtne up with some fairly clever scdutions once 
they see what the basic situation is. They'll ccme up with 
sotne rather siniple ftixes for some of .these thii:& that 
wbnlt require a lot of skiedce and we'll cbme along later 
with a lbt of scienee and by the time we do, there will be 
fixes that people will be using in geheral. A l o q j  the same 
line I wodd l ike  to make the comment that r lgardl lss  oi 

what m y  grobp such 5s this does id cornitig ob': with spec- 
ificatibfis of requirements, the individual progpam offflces 
wtll make the decisions. We wtll not dictate to them. Their 
life is totdlly one of making decistoiis add tratleoffu. The 
first questtoti that they're going to ask on any of this stufi 
1s *hat does lt welgh, what is the cod ,  arid \khat is the 
schedulinlg imp&? The next question they a r e  going to 
ask is what a r e  my alternhtives, and they art! gotng to 
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itisist od tilterfihtivea. The next questton i s  gbing to  bc 
what t f  : dmtlt di, anythfng, what do I lohe9 And oh the 
b a s h  bf th&t they may tell u s  to  drbp dead, !hey are rot 
galrig ttr db anythikfg. In Pact, this has hapncnerl iri ifre paA. 
I hate to be so brutal and so practical, but h t s  i s  tire way 

programs run. 

I want to amplify a little bit on my initial tominerit id 
regards to what is ultimately turned over to the program 
offiee:; and the  contractof community. The re:,ult should 
be ih a simple and boiled down forin; but riot at  the expense 
of sclrhe very fine scientific rcsehrch which i s  something 
that w e  really don't waht to lose sight of. The problem is, 
from a physics and eligineertng point-of-vieT?, extremely 
complex. The community that is wot'king this problem 
must  keep in their  mind that the ultimate product must be 
something in a useful fornt. It'd I comment I made ear l ie r  
and I make again. 

I would like to put in perspective s0rr.e OF the comments that 
have been made. W e  are opeIiating an a variety of levels 
aiid I feel With Elden that science should not be at the bhttom 
of the pile. On the vther hand, in many cases  we a r e  taik- 
ing abbut spacecraft that have objectives that a r e  nonscien- 
tific, yet we are hoking to these spacecraft to  c a r r y  environ- 
mental monitors, to do scientiyic ahalysis. 
question that a Lot of wotk haa to be done in the scientific 
a reas ;  hawever, programs 3 ith nonsctentific objectives a r e  
dot idterested in the sciehcti per  se. They are interested in 
destgn fixes accomplished in the simplest possible way with 
the least expenditure of nloney. The thing that we cah do 
as sckdistu is  come up with methods of doing lhese things 
ekohomfcallg, artd dfk ien t iy .  From their point of view, 
our  greatest setvice.viould be to find methods of giving them 
the necessary asuurahce of the ihtegrity of their design and 
have them do nothidg. I \i.ould like to open this discussion 
up to the i".oor. 

Obviously, the pcrpose OF thls conference Is to design or 
come up with some sort OF apeciftcation to design Ypacecraft 
to. The modelmg, the materials development, all these 

There is  no 
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thine3 are means to an end as far a s  the spacecraft i x m -  
murltty in  codl?erd&d, althou$h the ai%nttftC conimuntty 
may cotistder it an &ntj tfi Itself, We h a w  been gtven some 
data by DP. Gore Which sh6Ws that paj4n$ atttfrition to de- 
tatls of si$hll candttlbnlng on B spacekraft whtch is other- 
wise qutte dtrty frbm ti charking p b h t  of view can, id fact, 
alleviate most of the DPoblefis and I would like to ask Stu 
Bower what Is  kits opinton after seetng B l l  the mathrial 
presented the last three days. What id  the possibility of 
sitting down rtght now and writihg a specification that would 
have a high probability ol producing a spacecraft that would 
not go bump in the iiighht? 

s. Bower 

E. Whtpple 

I khink there is a pretty gobd probability with one ettepttbd, 
which I merltibned this mortling when I WaP taking; namely, 
the concern that I Have for haw large an area will discharge 
at once. Althuukh there a r e  some reasbns for believing 
that it is not going to be the whole surftice, there is no rig- 
orous proof available obviously. This causes some concern. 
We have a handle on abbut how large an area; if we had a 
better handle oh the size OF the pulse, I think the probability 
id pretty good and it is baSed on two things. W e  can basic- 
ally identib the charactepisties 6€ the discharges that take 
place and where they wbtild take place. Secbndly, the cori- 
tractors vthb are designing the satellite have access, in 
general, to the kinds of infoormation generated from the 
work that MAsA Lewis has dohe and the design handbook 
which they a r e  working on. So they have a clue and a 
starting point and then beyohd that it is based o ~ i  the fact 
that the designers tlie*nselves are fairly sharp people who 
know their systems, and $+-,eh the b a s k  circumstanci? a r e  
quite capable OF desi$:lrng aroukid these problems. They 
have been doinp i t  for years. 

May I rJK a questton? I guess this should be addressed to 
Gob Love11 br John Stevens. Thts represents a dtscusuion 
iri thBt hall, f think yesterday, conimenthg oh the fact that 
it appears, for example, in ATS 5 and 6; PS faf. as w e  
know, w e  have hRd nc anomdtes. And I thihk the NASA 
spccecraft have not experienced as many anomaltes ih this 
environment as some of the other OD-=, and I know lhai 
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Bob and John began to look into that. I think , . w e l l  Ict 
them speak for tht"e1vc.r. I am just intore4od i f  they 
have ahy cominents a$ to why that might bb so. 

Let mc just say aamething and lGt John Cihlsh i t  up, About 
a year  and one-haif ago, Juhh, Stu howcr and rny..iclf, 
travelled arbund to industl'y and w e  asked some questions. 
Haw do you build joUtr.sati?llitb? And w e  picked out sclcc- 
tlvely some compa;ries that w e  knew who had satellites up 
that were not having problems and some 'hot did. W e  did 
not, systematically, put that information together and 
follow through on it. We are delinquerit in that. That is,  
it is  our intent to rectify that, to do that and get that infor- 
matioh out. I think, in te rms  ot coniAosions, at that time, 
the ones 1 remember are the s ame  things I heard today, If 
yoti pay attention to grouiidhg and shieldirig, and you do a 
good job, whatever that really weans, then you are not 
going to have trouble. . I  a m  not s w e  tnat w e  see that. The 
biggest doubt in  my mind is associated with CTS. M'hen \$e 
were working on CTS, we concluded that if we did al: those 
good things it f o t ~ l d  bE! heavy like a brick hause. CTS was 
a very light weight, relatively dpen sp;icedraft. I donlt 
kriof what Vic Ca re  has to say  about it, I think he said a 
couple of anomalies, but 1 really don't think we have space- 
craf t  charging anomalles on CTS. 

As a result of the tour that we took through the aeros#ace 
industry, it became evident to us, that the satellites that 
were experiencing a d o h d i e s  were the ones that used com- 
puter level lbgic and stored commands. . Those datellites 
that ape building in the possible source  OF anomalies, 
because the satellite is  configured such that any upset 
would s t a r t  a whole s e r i e s  of commands. The NASA satel-  
lites, the ATS 5 and 6 and the ShlS satellites were basically 
controlled f rom the ground, There  was really very little 
that could get them h t o  trohble. The ShtS used latchlnq 
relays. 'fi'he A T S  6 depressed the logic levels so that it 
took something like a 15 volt spike to get the logic to change 
state. This is  in addition, OF course, to ShlS and ATS 61s 

Fai-aday cege, and thc shielded &ire. Stu Bower's com- 
ment et the t ime was that operationnl .,iltellftes didn't hnvc 
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large wclght mi3Pgirl.r and you Pkwbohly couldn't du Bvbry- 
thItiE b a t  Was done for the NA.M datellitcs. Exactly how 
much was really rcqutred we were never nbie to figufv out. 

Ia regaPd io your rcfGroncl? to my rt?mark. \Ye could not 
afford the weight of rf shicldiflg whlch wa$ dune on AT'S li. 

Now of course that was done because the body of the $atel- 
liti?, all the electroni ts ,  s i t  right in the main antenna 
beam and the concern was with the upsets from thc thnin 
antenna beam. The fixes that a r e  handled by logic dcdign 
edsentidlly hdd no weight to the program a s  I mentioned 
this marding. 'Ve did go back and redesign a satellite 
which is a very mdesirable thing to do, We want to do it 
in first place. 

Ray Coldstein had a qubstibn. Do you st i l l  have i t ?  f t  w a s  
a n s w r e d .  Okay. 

One sort of thing when..Pm sittihg around where anomalies 
a r e  being diseussed i s  the scr't of frustratidg feeling you 
ha*& with very little amount of data on what actually goes 
on in the s p P c & r a k  You have a feui terminals that give 
ybu tiumbem add at that stage you finaily can defihe 
whether you have an anomaly o r  nbt just o:i the basis of the 
ififorhation yor; get off of that. And if keeping the bird on 
thb a i r  and havihg it do its appoint& thing, which is t rans-  
mitting messages o r  somethihg like that, it is  the primat-y 
function of the mission, thed you can very well say, hey we 

might already be there. The osly other thing, of course, 
i s  saying that w e  don't real ly know what is  happening on the 
su r f a r e  of the spacecraft except those things that happen ai 
the time you have the c i k u i t s  on. And if you look into the 
science, you can say, wa.3 your science anomalous? \Vel1 
if vou happen to know what the ambient particles in *pace 
were at that moment, anc! know that your instruments were 
turning out a dtrferent result, theh yes you have got an 
anomaiy. hut there i,u no why of knowing directly in that 
cii-cumstance.whether I t  was anomalous o r  not, You have 
cnly the data from yuur ternlinals. And I think thlv forms 
one of the bases. I would like to come back to somethlng 
We talked about later. This is  one o f  t he  places where you 
get p45rupective. Arid a loboratrlry allows you to have some 
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coinriland over tne ptiraindt6r-v tiid yslr are tinpasin& btl 
thtd thh:fl$. hfld If the thtng, with lts limited dia@astie:s 
that W a t  on the spaeectaft br a nltrdel df a spae&c!creft, 
doesn't tell y&u the rlaht thtngs, then yslr h b w  you have 
gtd Bfi atiomaly. Add mdst af the Lime you just aimply 
don't havii that capabtltty. It ts very easy to take a small 
model of the spacecrak &!id put it Irl Bnd have a sensbr glue 
ybu the same ahsvliet' for  15 dikferefit condittbtb, but it 
gives cmly one kind of reading, and ybu cafi twist it around 
all over the plaee. And that is valukble id terms of what 
we re&lly know about WhBt's happening bn the spacecrak. 
We know a very ltniited ambtitit. My egperiehke is true in 
the other way. I thtnk half the lbading you charge to partikle 
data is wrdfg mtl the other half is questionable. What is 
very difficult for some pbor devil Who h&.4 spcdt ftv.e y e a h  
on the instrument, ybti know, i9 to say that. It 3hciWs Up 
in the JbR. 

I have three c6mments tb make. F h t  o t  all 1 thhk  th&t 
the en the  situation that we have been discussing this *eek 
id a elassit! redult of fiegleetirig Wsie science. I think that 
is something that ought tb be obVlous to evel'yone dHo is 
Here, but I think there a r e  still  lot of peagle who dm't 
ltke tb hear that kind of thing. Abaut ten years a&, it 
beCame very dtffkult fW people to talk anybody intu hmg- 
idg pal'tlcle and field cxpertments oh batellites. Arid I 
think the total cost of what has happened rhny very well be 
greateti than the money thait was saved at the tlmd. That is 
my first commerit. My second cbmmerit is in regard to 
ht"rica1 mcdels. AS the prbposer of either tho only tvlio- 
dtmensianhl numel'lcal Model thgt has been discussed, or 
one of the bnly two (1 am not stirb whether Lee Parker 
would refer to his model e$ "twb-ditheilstbnal"~, I wadt to 
talk about the tmgbttadde of two-dtriiensionai models. 
Tt-li?l'b h a w  been e lot iaf' orie-dlmefislsnal mbdels atid there 
is a very iinpresslvt! three-dtrii~dslodel model that h8s been 
descrhed. A tWs-dimenslon&l model is the atmplest model 
that you cad thtnk of, Which ts goliig to gtve you the b a s k  
feature of thts @robl&n, ahd that 1s the asyinmetry between 
stiidlt and shaded areas. Ohe-dimenstonal madells can't do 
It, grid three-dtmenakiiiai models a r b  more etaborate then 
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A. Rosen 

L. Parker 

S. beForest  

you noad, fa  C'Q that. So I think that bwu-dimch$ionnl 
madols will turn aut to be axlrCmely lmpurtant in gcitlng 
at a lot a! the basic physics that it; thvclvcd In thh  problem. 
Findly, I would like to mako an analogy to Q sftuntion in 
aircraft design. Now, when someone rolls 3 new atrplane 
out of the hangar, you nll'oedy know it is going tu  fly, 
h r thc rmsre  you know exactly how it is going tr, fly. You 
probably heVc got B simblator built and trained pilolu 
already. That's because there are computet codes for 
stmulating the performarke or that aii,planc at all lkvels 
of cbn.#lexity. There a r e  many, they overlap. There a r e  
sdme simple ones that illustrate bask phenomena and 
there url? some complicated ones that give you three dig- 
nificant digits or more. I thtnk that ten cr twedty years 
from nQw, HopzTully that will be the situation in the design 
of sytikhl'oitous spacecraft. There wi l l  be codes available 
that wlll give you that ktnti of confidefice. 

Lee,. db ybu want to commkdt ? 

Well, the mbd&l that I shbwed has aif R - Z  gi2ometi.y. It 
coultl br! called d-1/2-dimensiohal it you add u p  xll the 
velacity acid configurattonal ditnens iacis, oi 2 -riimens iond 
i f  you plotted in R-Z space. 

I wuuld ltke tb Comment jcst a little bit on the very first 
sentence you made. I don't think that basic physics has 
been neglected. Gee, 1 knew these things were charged up 
in 1967. The people at Lockheed and I wrote a letter to the 
ATS project office and We quoted things all the way back to 
1924 which shondd that they wukd charge bp, And they do 
charge up. We have thr wthorup  here, Pejean Crard, who 
sponsal'ed a siniiler symposiam, I thhk back in 1971, who 
prtht8d R book, this one Wry nice book, The stuff has beeh 
@Pound For a long time. I don't think itis neglected basic 
physted. I think it's neglected anthropology. That kind of 
problefn. 

J, iaframboise Okay, but I think you'll probably agtee that in cases where 
anomaltes occur, there a r e  hardly any cases \*!here there 
I$ lnstt nentat ion on the same spacecraft to see. what the 
envt ronment w:i 3. 
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I thidk everyone ts ir PrtBhd to tho computer and there tti na 
drrribt but what tt'o going, you know, to Lneri?a.rc producttv- 
tty add do a vaPtely af thtngs, What I thtrik nrtght be Impor- 
tant to keep th mtdd though about the camgW3f dsstgbod 
atrplafic! as wall as the computbr designed spacecraft, that 
as far as , , , tf  we look Into avatatten history there are 
those occasional brushes wtth reality and I can thtnk of 
three, but I am sure there a r e  more: whtch Was the refro- 
f t t  of the Electra wing, the ladding speed and angle of attack 
of 727 and the De-10 baggage door. All of which, I am 
sufe, you know, were not pieked up tfl the computer. I 
thtnk w e  ape gotng to find quite a bit more as we go through 
there. Clearly, people will make usc' of analysis. what I 
was trying to argue for was some kind of check on open 
loop analysis, It, literally, gets fasetnatod with, you know, 
the complexity and brilliance 01 its codes and sort  of goes 
open loop without an experiment. 

Pete Stadler, you want to make a comment and possibly 
show some charts ? 

Let me ask a question in the light bf the prevtous comm.?nts, 
ani3 hopefully not to produee any emotionalism. Let us  put 
on the coniwunication satellite program manag@f's hat and 
ask  what can be gained by knowing the environmer.1, what 
advatrtage is  there to him in putting sensors on th& space- 
craf t?  How can w e  motivate program managers to add 
sensors? 

J.  Laframboise 

A. RoSeh 

J. Laftambolse! 

!YO you want me to atlstver that? 

NO, anybody in the roam ? 

I gness tt is a matter of what ode thinks is going to save 

money. And I Have a feellng that knowing what is going on, 
is the best WRY to save Money ift the loflg run. 
Lobk, I Wlbw that soifiethiiig upset-inducing was going on. 

Y ~ Y ,  but you don't know what the envirorlment was. And if 
8 problem occurred and you don't know what the envtron- 
mbirt was ,  then it is very difficult +o design a spacecraft in 
the future that isn't going to have that problem. 

P. Stadler 

3. LafPamboise 
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P. Stadlor Lcb'r, redusb lt lo  something reasonablc. Tho ktnd of 

st%" that I'm tnlktng nbout aVC! tho.90 whtch you cnr 
IJomlbly coavlncs demobody to fly C)*I an operattonal cum- 
muntcationo speeocraft. A r e  you *alkihg nbout a m n w r  of 

5 valt:, Ln a space of 1B.r~ than hRlf a cubic Pc,oC. ? Whnb can 
yatr really tell about the envlrnnmeni with t h s w  :mall  
sensors 9 

J. Laframbotse Well, obviously there are going ta be difteteht kinds of 
spacecrcft with More or lesg elaborate sehsoro, 

Can l address thts, just 3 minute? Let's: assume that 
your spacecraft doedn't exist in a vacuum. Let's assume 
that you have got this little tilidg that you've put on there, 
a noise sensor, maybe a simple Faraday cup, and then 
suppose you have a c o n t h i n g  program of monitot'itlg the 
environment. Then I would say, you've got it. If ybu'vt: 
just got your simple, you khow, half a kilogram, 10 bits 
per second somethihg or other and don't know anything 
else about the ehv;?onment, maybe you're tryidg to cor&- 
late \kith a grovdd base sia.ttod or sorriething. Then, I 
agree, you're going to get very little information. Eternal 
vigilence is the price of liberty. T h d  is what w e  havC? got 
to have. We've got to kiiow what is going m up there. I 
am saying the million and one-hall dollar type piasma 
adafyzer, you don't need oh everything. Okay7 But yc'u 
should have one somewhere. Doing something, And may- 
be cheaper. I don't know. But you should have something 
up there all the time. And if you have very, very simple 
fioise motiitors, plasma type things, on the vehicle itself, 
which is betng effected. And then I think we can apply 
physics. SCATffA and CECkii both have good instruments. 

S. beFofest 

R. Love11 I wou!d give you the answer to that question. If you put a 
simple sensor on, like the ones that were discussed here 
today, and if you are project manager, then I wmld tell y w  

the reason you should put it on it' Vnv don't care at all about 
helplng the wicnce communtty is tha' when you have an 
anomaly on your spacecraft, you'll slave vourself Jome 
money tn your failure re;dew actluities. A very qeriou.; 
point because w e  have'seerl it. Dr. Gore mentioned It, 
maybe you didn't catch it today. Whenever there I s  a 



r 
problem on CtS, the very ftrst place they go is the trans- 
tent effect cauritcr m d  say "What Happened?" So, it'll 
save you money and it's weful to help explain to p u r  bbss 
why somethirig fouled up. 

A. fibsen I would like to support thls. 

E. Smith 

R. Lovell 

Is it worth half a million dollaps ? 

No, I don't thhk  it is worth B half-a-millibn dollars. What 
question am 1 answeririg? 

E-sm(tlii ...... ._ HOW Much mbliey are we gbifiig tb save agaMst the eost of 
the machine? 

R. Lbmll 

E. Smith 

J. "8poli 

Audtence 

Well, the instrument is simple, which I thought H i s  questiori 
was. He is dhakihg his head, yes, and you're.saying lio. ... 

When you have to make changes to an existing system, 
including the changes in software, telemetpy, all the other 
stukf, it is-about a $26c)K change on a military system, 
before ybu start. Now you add $5K instrument on tbp &f it. 
It costs you $265K. NbW hot are you going to save morley? 

I waclld like to answer that questiofi. I think I can answer 
that question by trying to explain the cointnercial enviroh- 
ment for satellites. 1 guess there are abbut ten cbmnier- 
cia1 satellite$ ih the gebsynchrblious altitude and these 
companies plan to be there. These missi0r.s were all 
seven to eight years. If you could put a means bf detecting 
o r  trying to ebrrelate an anomalous onboard catastrophic 
failure, okay, against something that is induced by the 
environment o r  sbmething else that is related to the space- 
craft charging, which L a w e s  the catastrbphk faflure which 
gives ybu only a thrt2e year bird; you have lost six years, 
o r  you have lost kaur years of r&enue, at two million 
dollars a chamel, twenty-four chamiels. That is a lot of 
money. Versus B 205 thoasad  dollar saving. This is from 
a commercial standpoht. 

The real answer you need to pfve and what you ca re  about 
In these operatlonal systems is  the  fact that you have a 
bird Up there operattrig, wid if you convince people that by 
putting on a sensor, you a r e  going to be able to solve these 
pi-obleins fastet', so thet you have loiiger life satellites, 
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E. Whipple 

C. Pike 

they will  fly thobe sensors. Just to get dhtki, they wbd't 
fly them. 

Well, I think thlit id  another problem. I thihk P problem 
here, too, i B  if yau look at these ccrmmePda1 OrbgPafils 
there is a budget, a very competitive atmosphere, and i f  
you lbok Rt the people In the bu3lness, COMSAT, Western 
Union, RCA, the Cariadtans, well I guess the Canadians 
really don't haye much corripetition, but their type programs, 
two year prb$t'arhs, these &re heavy hsentives on the con- 
tractor to deliver in two years. We don't have this luxury 
of runriing all thege test prdgrams we would like to si% and 
then a g a h  if you db go up and you are Maybe lucky, like 
RCA is, in not having anomalies at ell, t ry  to go back and 
convince management t6 fly bn the third, od F-3 and F-4, 
fly I monitor on there. It is d difficult thing to do A t  this 
pdnt,  

It s&emB to me that we are putting the cart  befbre the horse 
a little bit. We have been talking about flying sensors to 
fkid out why w e  haw anomalies. And really What w e  want 
tb d6 is be able to avoid anomalies in tHe EiliOt place. Now, 
if  you have a sensbr that just tells you that yod had anom- 
alies, afld maybe CorrolPtes it with something in the 
&wiranment, that is fine for ahalyzing what has happened, 
but maybe your spaceckaflr is dead by theti. %Vi, hopefully 
by flying sohe o! these eflvhonmentkl sehsblis w e  can 
find something out in the erlvironment that is a predursor 
for what eauses the problem. Sherman DeEorest has shown 
that these injeetion events Correlate with a hl#h charging 
d a t e s  of the spacecraft. It think it  is very likely that these 
injectlbh events! that happen it-r the magnetbsphere are pre- 
figured or preshadoWed by some klntl of Blecfxomagnetie 
wave. Ahd if w e  cbrtld identig suhh a thing anil use that as 

a vvdrnirig simal, that would really be valuable. Thed we 
could shut dawn the satellite, wait mtil the evefit fs over, 
atid then &b back up again. 

I wauid l ike  to amplify on that aiid say that LE itidaed there 
is 0 slgiratbre - 1 see a representative fkom the Air Wedher 
Service htre, Capt. Halcrow - if there 1s a firm operdtlonal 
reqhirement ;w monitoring, and if there is, iirdeed, an 
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M. Bunn 

A. Roseh 

M. Bunn 

A. Rosen 

M. Bunri 

P. Siaaler 

R. ljovell 

J, Napolt 

R. u v e i i  

6nt+ifoli'fflefital sighh~' ' .e whteh bne could realivt~cally mod- 
Not, then that id  sbnlathing that reblly ftllls Within the AiF 

Weather Seliviee's pet'irut! OF revpons tbility. 

I think I would like ti, offer another answer tb Ed Smith's 
question as to hbw you justify that $205K. On the DSCS 
prbgram duririg a 2 ye& period, we spent about $260K just 
studying alaotnalies that we were experienclng, Arid that 
doesd't account for the codt bF the fixes after we decided 
what w e  were going to fix. 

Capt. Bum, with du& respect, I want to say that the amount 
that was spent wad well in excess of $200K. 

Thank yo% That just reinfortes nly . . . 
It dbev ? Because the aniount that I&$ actually spent in- 
volses a team bf oJer filly Ijebple who traced various 
aspktts of the anomalies. I wbuld guess that in terms of 
the four or five anomalb3 studies that I wa3 able to observe, 
the athbunt spbht was muCh clbser tb two tb eight nlillibn 
dbllars. The amount that spent in our grbup alone, 
and that is just the analysis groilp, to study the &nviron- 
mefit to t ry  to pili dbih'h the phenomena and trf to get 
Sh@rmah DBFoi-est and anybbdy else involved in this, was 

well in excess ,OF $!2OOtc. 

I guess I would still like to see monitor:: on those! birG3 
rtght dbw and I have been trying, tu t  it is diFfi&ult, a s  
Pete knbWS. 

Wouldn't it be appropeiate for this gPCruF Lo consolidate 
these erguments and t ry  to present, as one of the results 
of this cofiference, e recomrilehdatiwr, with s::bskantiating 
ar$uments, that we should fly s e m "  on each inilttary 
satellite and/or comi-orctal satellite. Wculdnlt thst be 
helpful at this t h e ?  

I think that i.9 a &bod idea and I think we should take it as 

aa a c t h  Ltem for the! St9lrfrig drotrp. 1 think that fs a 
good idea. 

I go along with that (de&. 

We: d i i  40 that. 
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A. fibsen 

A. MUelehberg 

Yoti have my enCouragemirnt also. 

The concept I s  that millions of dollar's a r e  beirlg program- 
med insuring a cwpld  of spacecraft frbm failure. It seems 
Pidkulohs rlot to put a couple hundred thousand dollars into 
on board monitoring, which has practically the same prob- 
ability of failure these days. The other thing is that looking 
a t s o m e  of the massive data, you can see the onslought of 
these substbrms in time to warn people to get on the stick, 
something is going t 6  happen. Is it p i n g  to happen or is i t  
not, eveti if you have ten minute warning. If you know what 
to lookfor, you can prepare for it most of th  lime. You 
cari take ca re  of it. It .is simple imuratlce. 

Audience. 

M. Bum 

A. Rosen 

R. Love11 

M. Bunn 

It is a bit of a thafige in topic but ear l ie r  oh the tirat day 
we talked ab6ut active control, eleetron emit ters  on A T S  5, 
G and thcr& will be dame on SCATHA.. How do the program 
peapie fee! about putting active cbntrol on their satellite 3 

1 guess from tny standpoint I really can't answer that 
guesi:on,. I'ctil we( find out what happens od the SCATHA 
bir'd with the active codtrols on that. 

Bob, Wat 'd ybt~  like to t ry  that alsb frbm the NASA point 
of view 3 

Well, NASA's satellites a:-e more  in the science category. 
I think there is nbt any doubt t h t  there is d desire to re- 
duce the pbtentitil tb very  low levels and that will probably 
take an active control deviw. I am not sure what kind 
that will be.. In our program that I talked about earl ier ,  
wb had layed otit a fairly clear path to gbt there where the 
development of passive (mainly materials) and active con- 
trol devices (things like shinning light bulbs, squirting out 

electrons and whatever) will be investigated. I t  is down 
s t r eam because you need .the kind of work that the modelers 
and the envirodmental people are doing before you can 
begin to realiy evaluate. 

Let me add something here. If you can't get the operational 
systems to put a $2Mk m o r i h r  on, you're not going to get 
them to put on an active electron gun vr whatever. 1 think 
It has to be flown experimentally which is being done cm 

SCATHA, although probably not all  the pos-:tble zrtive 
devlces, but it will give U.J a handle. 
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M. Minges 

I would llke tu add that the Air Force; deophysies Lati is 
putting the e lec t tm qnd ian beddl systbfh bti the $;CATHA 
siiteilitc?, and the objective of the experiment is technique 
developmezt f&r vehicle charge control dnd !o come up 
with, essentially, hba to do i t  iii  effective hshioii. O w  

program wi l l  be complimented with the AT3 5 and B results. 

I would like to present an analogy with active thermal con- 
troL. 
cipal design objeiAives is long life satellites, in the range 
frbm five to ten years. If you can provide an active spme- 
craft charge cohtrol systeni with no moving @WtS., i f  I t  

doesn't weigh much, and it you can assure a hi& level of 
reliatjilitp for the five to ten ykar period, then you would 
get a responsive audience. If you can't demonstrate that, 
then 1 think operatiofid1 acceptance of any active system 
would be diffikult t6 achieve. 

Ray Gbldstein, would you like to comment on this question' 

I think I wbuld hatre tb distingUi9h between two kinds of 
spakecraft. The 6ervice type cohin.tldicltiod satellite is 
basically up ther'd, runs, ana is p8ssiiie. The other type 
is the one that I G A S  is pi-itnarily ihvolvbd in, the science 
type of satellite. 
passive tnethods, that is, niaterials, circuitry and whatnot, 
to have a spaeeeraft in a charging envif-onmeilt without any 
ripset. That wes previously ,m&htioned, for example, for 
A T S  6 . .  Bbb Love11 and John Stcveds talked about the dif- 
krences  betweefi those spacecraft which don't and other 
sp&cecraft which do see anomalies. There is a dlfferefise 
in the philosophy af how ybu build a spacecraft. So t think 
it is possible to build a slptecrraft at least with a protective 
poht-of-vi&w, so that even eXposed to the chargltig envirori- 
metit it will survive. The cost trade-off becwebri ptdtlng id 

flftp pbunds of shielding e m u s  twenty p a t "  for ail a c t l h  
cbntrol device mis t  be done. But from the pottit-bf-vleirr 
of d scieiitttic sdtel lr ;~,  thkre is do qil@stfon that in ordei- 
to get good low etiergy acta you need s6me sort of active as  
well as indctlve type of cofitrol. I agiiee w i t h  Mike S c l h  
that most of the low energy particle data a re  questionable. 
The case of Pioneer 10 find 11, which was briefly mentioned 
the othkr day, is a good example. 

From the A i r  ForcC! point of view, one of the prirl- 

A.  Roden 

R. Goldstein 

hIp feelihg is that it is possible with 
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1\11. Selierl 

Audience 

S. beFores t  - 

A udieiiee 

Thefe is one other thing that you tnight want to eft~pb *s i ze  

Here, and that is  that it was you kriow, a nice piece of for- 
fude th,Pt one Rad a spacecraft that was gebsyfichrohous arld 
that could gb into eclipse end cbirle out aod that had a par-  
ticle counter on i t  add could suddenly watch the spectra 
shift  rip arid dawn by about ten kilovolts, and had enough 
passes at that sor t  of thing to cleat ly identify the effect. 
And yet, you knbw, a Jovian encounter is  a joviah encoun- 
ter and there isd'.t the possibility of doing sometb.' re- 
peatedly there. And so specifically, if you t ry  no\. Go 
divide the interests along here  into L H O W  gpaceeraft 
that have very limited encounters with an ihvirontrlent, 
it may be a better thing to put all kinds of insupaxice 
on there and then inelude the active device. For that s im-  
ple reason, y ~ u  have sueh a limited time and you have such 
an hnknown edvironmenf Id which you ate going. to have to 
operate anyway. I .don't thirik anyone really has an idea 
what the Jovian sitdzltion can be in certain passes. 

I would like to address  this qtiestitni tc Sherman. With a 
predictive on-line capability, don't you feel that the Spakk 
Environmefit Lab a t  N a A A  cdtfld be a starting poidt for 
that? Say the GOES data. 

It i s  a startitlg point. But a s  I said before we have a lot of 

sales probkms.  Doh Williams has been working for years,  
a s  yata know I'm sure, to gkt plasma instruments on board, 
There are no plasma instruments oh board GOES. The 
lofest  energy on any of those is a solid s tate  detector which 
ca t thes  thcl upper end OF the injecttons. They a r e  very hse-  
ful spacecraft: partichlapiy useful a r e  t!ie magnetometers 
on board which I have studied with J o e  Barfield, b&utiful 
data, but it would be: worth much more, . i f  thdre were eveh 
a simple piasma device on board. A t  the present time, I 
don't think there are any plans for any plasma devices on 
ariy of the NOAA spacecraft. That thing is  a proper fhnction 
add shauld be pursued. 

W h y  ? 
I think because nobody has asked for them to do it. 

.. 
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S. beForest 

M. BUilh . 

S. DeFotbst 

No, no. Doti has been tryihg fgr years to get oh: at least 
that's what he tells me and the people who work for him . . . 
I've gbt to believe that. Is there anyone from NClAA here 
that you know of to defend yburoelf, 1'11 withdraw that. 

Sherman. 
Could I interject a quick quegtion? HOW da you fee1 about 
the correlation between groufid based magnetdmeter data 
wid attivity at geosynchroncius for erample? 

Okay,. that is a very good qrfestiori. Actually, I had slides 
set aside earl ier  in this area, in case someorle asked. In 
terms of irljettion, when there is injectiori of particles at 
geosflchrofiouS altitude, there is a one to one,.. lidver fail, 
substorm bri the &round. The claSsicdl delinitions of arl 
auroral substarm, the southern most a rc  brightens, the 
whble thing. There are features on the grouna, particularly 
along towards dawn ih the "dangerous regian, I' called the 
patchy durbrti, rayed struttures, and stufC like this. There 
is nb analog in the plasmti for those features. Okay. Con- 
tfarily, there are things that happen in the eqlltitbrial zories 
that are fiat mirrbred orl the gt'buntl. 
thefe is  a one to brie cbrrelgtibn ztnd if you cotifit the detailed 
Bffdet, it is  dot there. Now let's look a t  sotnethifig else. 
Now when there is injection, there are currents dowing 
between the spacecraft and the grotind. The currents 
change the niagnetic field. Yau are an the ground lbokifig 
up, and you have an accuracp of where you can loeate an 
arc, you miss by half a degree, you're pretty close but you 
have got a half cif a d&gree e x o r .  That translates into over 
1 earth radius. Yotr'l'e gbltig to rhiss by 1 earth radius in 
the Bqtiatoriaf iirne. h addition to that, you hav& got these 
currents in betweia. So you don't know how to map, even 
if yoti had it absblutely accurate on the ground,. you don't 
know how to map. I think YOU knob fhis, but I spent a lot 
of time dohig this, trying to correlate betweerl ground base 
arid equatorial measuremeits. I think the answer is  that 
we can improve our ground based measurements. DMSP 
pictures a r e  vetiy very useful. 1 donlt think we will even 
get distatled one to orie corrielation. 

Fbr grass ttiihgs 
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J. Laframbcise I woufd llke to make another cotnment on invtrunichtat'o.1. 
I think clearly tile ideal situation is a l'&w t!labcl~~te I l . - i r U -  

mcnts and a lot ol little ones, preferably stanc!brdixfhi. 1 1  
yoti think again of aircraft,  you see that a ircraf t  all cai 1 y 

c ra sh  recorders .  If you had that arrangement with a f t w  

elaborate instruments and a lot of simple ones,. the clah- 
orate ones could calibrate the simple (mes.  h r i h e r m o r e ,  
think of a situation if you had the same instrument on a lot 
of synchrotious spacecraft a t  different longitudes. If a 

C. Pike 

R. Loveli 

s. bePores t  

substorm comes aldng it is goihg to hit one before the 
others,  yotr'll have a little time to react, and you can do 
something with the others  it  you have tiiat kind o f  arrnnge-  
ment. 

I want to add a comment ori the very localized nature of ti-e 
disturbances which a r e  seen on the ground as mapped dwvn 
from synehronu(i9 altitudes. Arid that is that one needs a 
very dense chain of magnetometers in the auroral  regicm 
to accurately idc ntify that there is, indeed, a dksturbance 
going on. And there a r e  chains of magnetometers along 
magnetic mer:'diatls and the Air  Weather Service has data 
from one of these chains in rea l  time. 
identificdtian of these idjCc:ion events I S  a very difficult 
thing to infer from magnetometer data. 

I would like to a s k  Sherman i f  he would ca re  to give US a 
ten year weather forecast 7 Are there s to rms  ahead7 

Well ,  if you have been following the 1:-erature, there is a 

thing kriown a s  the Maunder minimum. I expect that is 
what you might bc referr ing to. Fo r  a very long time, 
essentially for a lifetime of active astronomets ,  there 
Were no stmspots and there were no . . . there was no 
aurora  and there were no disturbances arid if w e  had been 
at-ound at !he time (if Galileo, rime c i f  these anomalies 
would occur, Is that going to happen :rgoinq 
rent research.  I t  did not come on immediately. I t  sort 
of petered but for 8 period of time, but I think the answer 
is yes,  w e  will have another .mlsr  cycle and yes *e will 
have more substorms and accordlng to one book that I 
rend in " 1F:13"'we a r e  going to hnve 1~1's c t f  .iunyiptbt.;. And 

The unambiguous 

This is cur-  
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there w i l l  bc! a big barthqtlnke ih Califorhia. A3 i'hnPl1c 
points out, w e  are hnvlng these onornnlic..i vigfft now, nnd 
this l a  solar miniinum. Aroufd l!rii3 i t  will gef worsC!. 

I a m  somewhat coficcrtied about this question of prediction. 
I am prepared to grant you that you car. predict thcsb injcc- 
tions. But what a r e  you going to do about i t ?  becaus(! no  
commercial operator is going to turn h i s  spacecraft off, 
unless e really believes he i s  golhg to lose it. I think in 
the 1$s three days we have heard enough evidence, he 
really isn't likely to lose i t .  Ile may have interference, 
he may have buinped telemetry, but hi-? i s  goihg to bc on the 
air. These are commercial contracts atid you can't afford 
to tucn the darn  things off. Thdt is what you're being paid 
for. Cofitinuity of service. 

A very good pbint. The other point is that monitors don't 
prevent anomalies, they merely record them and I think 
the predictive capability is not one that the operatiorral 
projects, spacecraft project managers want to have. There  
is  only one a r ea  where they may want to have sotne pre-  
dictive capability, and that is in planning their iaunches and 
possibly finding a place to s tore  satellites iit synchronous 
altitudes. %'auld you like tb comment on that alsc? 

1 donlt quite follow that last remark  aka1  planning their 
lautlches ? 

Yes, L!iere is a question a s  to whether there is a longitud- 
inal position at which the environment is less  adverse than 
at other longitudes.. NOW, the thing that you want to do when 
you use operational spacecraft is that you don't want any 
down time at all. So one of the schemes that has beeri pro- 
poaed is to have a pas31v.e satellite that is ready to go on 
the alp momentarily and take its position in order  to not 
have any dlvcohtinuity id service. And the question is, 

where do you s to re  it *hlle tt !Y passive, in what regton? 
Possibly there t s  research that could be done ih this area.  

P rom a commercial standpattit that i s  
to t ry end accomplish because i f  you look at the spectrum 
there, between 90 and 135 degrees, It  is like the h h g  island 
Expressway durtng the rush hour. Alid you want  to have 

very difficult t h h g  
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immodiats eantintrity or rentorOtioA of sarvizc. 
have to be at juvt about the aame laeattan o r  wlthiri B dcgPec, 
and 111 many cflses rurd if your intent i s  fixed antmna$ on R 

Sp&cccraft, which most of the c&mmcrci&l $atcllttes are. 
f dsriit k m w  lt that is applicable to the  commi2reLl npacb- 
crgdPt whlrh are $ominatin$ the equatorial plane right now, 

I would like to address your point a little bit. I think it 
wotrld be ri?ciuona616 to project that spacecraft communica-. 
tioris, o r  operational spaeeeraft, maybe in the next teh 

years, will cat'fy an operational station keeping device, 
l tke ari elertrtcal thruster, an ion engim. And would you 
nbt be willing, i f  you had 1 warnidg, to turn  that thirig on, 
i f  it also turns out to be.effective as a neutralizer. 
think there is a great merit id haviri$ this wamlng capability. 

f think there is merit in having the warning, even after the 
fact, because if something happens, then you a r e  suddenly 
Faced with something has gbne wrong and w h i t  is it, and 
you look and yod say gee, I had a warning Five mlnutes ago 
that this was gbing tb happen, it does pbint you in the 
direttfon y611 have to lobk. 

It 1s getting very Ubse ti, adjourhmeht. ThePe are a couple 
OF i l c "  that I wanted to cov&. One of them was a request 
b2r iwe Stadler and Paul Chhington to address the question 
of te3ting. In this ai-ea, there has been mmy approaches, 
prccedures, and methods that have beet1 used and .?ail 
ChiVldgto,? wants to say a few Words. Afterwards, I ais,) 

wanted Rejean Crqrd, to comment on what t h e  European, 
a r e  dbing in materlai research arid YpacecraFt charging. 
So WC! will start with PaL! Chlvthgtbn. 

fiditor's Note: The reader I s  referred to the paper by 
Chtvtngtbn and Stsldler. 

%'e will take one question on Pete Stadler's comments. 

We did current injection by dtschargfhg capcicitorsi over the 
various parts of a qual mbdel satelitte that was left over 
Froin a program that was latinched otherwise. We got qulte 
u surprise. It was not radtated EhlI that was causliig our 
upsets. It Was coupllng In structbral terms, For example. 
I just thought I would pass that on to you. 

You would 

Yo I 
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WOll, wc! wtll cwtntptly be looking for thnt very fhlng I-icru, 
Onc of thc prtni6 thifigd , , , . 
A procbdural note: we h a w  to terminate the fornrol part 
of this panel dtAcus3lon. All of you can 3tny and concinuc 
on. W e  w i l l  be h e w  to answer qub;.ition;.i and nmkk curti- 
metits. I wanted Dr. Crard  to mnke the final comnwht 
and after that I thtnk most of us u ill be availablc and w6  

cati continue. The f6r"l pnrls arb over, but twforc we 
t e rmhate ,  br. Crard. . 

I feel that W &  are really shying away from the straight 
approach to spacecraft testing. We  a r e  presently lryifig 
to stimulate anomalous spacecraft behavior with 1'c-h 
coils and spark generators. It would indeed Qe iiluch more 
realistic and efficient to place the spacecraft itl a vacuuni 
chamber asd to subject it to electron bombardment. I 
cannot see where the difflculties are. . ... .. 

This is something that we at NASA think is  a good idea. 
But it is an expensive proposition. 
users ,  I don't think they can afford it. 

Today it is  customary to submit spacecrdft to vibrations 
and to expose them to simulated so lar  and vacuum environ- 
ments before launch. 
ibllity tb surface charging will become in the future a 

routine procedure which al l  spacecraft wil l  undergo. \Ye 

do riot have to design new vacuum chambers; w e  only need 
an  electron p n  and a battery of ultraviolet lamps. 

It is  not the expense of the chamber. Expcwe of handling 
a piece of flight hardware, the associated ground diipport 
equipment, staff. It i s  just expenslve. 

I a m  sorry.  I w i l l  have to make a closing comment. There 
L Y  a joint NASA/Air Force  committee in existence right 
now and they a r e  operl to suggeJttons and comr'ients from 
ailybody in the audtebce and anybody ititerested in !hi* field, 

Bbb Low511 arid myself are contact points on that Steering 
Committee. 

I wobld l tkb to thank thls whole group and state  formally 
that the panel discusston I s  closed. 

For  the comnicrcial 

I believe that testing their iuscept-  
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