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Problems in Modeling 
the Earth's Trapped 

Radiation Environment 

i. iNTRomcnois 

The purpo.se of this report »s t») in^hli^lif  for APQL the problems eiu-ountereil 

in modeling the terrestrial tnippeil rudiation enviromuent for the past 14 \eais, 

and to indicate steps that i»)ul(l be taken to improve their aiiuraoy.    Sinoe this 

modeltni; Activity has been confined pnnripallv to the enerjjetif electrons and pro- 

tons,   the folKtwin^ remarks will apply to the energy ratines between 40 keV ami 

5 MeV for electrons,  and between 100 keV and 170 MeV for protons.    The intent 

here is not to present a review of the eharaetei isties of the latest model» produeed 

by the National Space Science Data (.'enter (NSSIK'>,   since these are amply docu- 

mented in the first 12 references listed at the end of this report.    However,   exam- 

ples from these models will be utilized along with other data to demonstrate the 

theme of this discussion.    In order to avoid a duplication of the numerous figures 

and t.iblc-i of those references to clarify some statements m this report,  copies of 

these 12 references will be provided as attachments.    At the conclusion of this 

report,   it is hoped that AFQL will have a better uuderstaiulinn of the complexity of 

this modeling activity,  and can understand what must be done in order to signifi- 

cantly improve existing models through its Program to Measure and Model the 

Knergetic Particle Knvironment.    The inherent errors m the models will be dis- 

cussed in general terms since specific errors depend strongly on the particular 

uses of the existing models. 



At rh«' uutsot it IUVISI bo ifroKlU/fil that thfri- .nr .1 lai ««• mimU«r of trm|H>raJ 

ami spaMall*. vaiyitiK phfuomi-iia whu-h afft-i-t t\\v «-inT^ft u- parti»-!«' )H<pulat ions 

m tlu* trappmj; rt'»»ion of tlio «•arth's maipu'tosplurf,     Spodfu-aUy,  tlio pnst and 

prosent stat«* of th«- mtiMplani'tai y luodluin in ncar-onrth spa»'«* tth«1 solar «irnl 

voloiity,   donsify.   and torn p«'rat ur«'.   ttu« int«M planotary iua({»ftu   Hold (IMl"). 

ttu-!udint; tlio / rompoiuMif.   and passaK«" of mtorplanofary sluvka) play a major 

rolo in pri>dui-inj! PXi-itution in tlio niaj;n«'to-*plu,ru' . avity in flu* form of mannolw 

storms and subsforms.   whii-li (jivo rise tt> particlf iniootion and aii-floration 

mainly thi'oii|{h tlio plasma shoot in tho ^oomannotif tai..    Houndary »in ronts in 

tho i.ia^rnotopaiiso proihu-o altorations in mannotu- fiold »ithm tho onvity as >\oll as 

do tho mioitioii of lowor onorny plasma from lh«% lotiosphoro,   tho yooma^notii- tail, 

and tho mforplanotary modmm to form tho rinjj onrront m tho spatial lotion holwoon 

.* and I« oartli radii.    In addition,   olootrio flolils prodtiood by ooMvootlon of IM I-  pa.t 

tho oarth and through plasma instabilit 10s «ithm tho tavity affo»-l tho motion of 

lowor onorgy partulos and oonfributo t»> aoiolorat ion and diffusion of the more 

onoinotir partli'los.     Tho literature i<  noh in tho dosonptlon of those many 00m- 

ple\ [»hoiiomona and oven a brief review of them is beyond the scope of this sum- 

mar\.     A i'op>     is also attached since it is a recent .-.UIVON  of the trapped radiation 

b\ the modeling group at NSSIH" ami contains referenoe-. to the lecent literature on 

this subject. 

Wr will confine our discussion to tho It Mowing quantities.     1 ho basic moa .m o- 

mont-. obtained In energetic olei-tron and proton instruments flown on satellites aer 

either the omnidirectional or unidirectional ("lux (pitch-angle distribution) «itlim 

certain energy intervals or above nominal threshold energies.    In the strict sense. 

the omnidirectional flux is the number of particles,   of spocified type and onorgv 

range,   that pass through a spherical surface with a unit cross-sectional area in a 

unit time and is expressed most typically as the numl*M- of electrons (or protons) 

em'-sec wi*h the appropriate tpialifiers on the energy range observrd.    Most 

practical detectors fall short of this ideal geometry but differ from the more 

directional instruments which are sensitive to particles only m a 'larrow angular 

rango.    !•" >r pur|Hises of this report we consider directional detector systems as 

those wi'ti a solid angle of less than 0. Ot; sleradians,   while omnidirectitinal cctoc- 

t»<rs at  • tlu>se sensitive over substantial fractions of the 4» storadians of the sphere. 

Hecause a spacecraft and its systems provide a significant amou.it of shielding,   tl»e 

most ideal geometry for such omnidirectional measurements «re 2» steradian 

detectors,    Hecause of the nature of the trapped radiation,   this geometry is equiva- 

lent to the spherical 4» steradian detectors.    Directional trapped radiation detectors 

I.    Chan,   K. \V.,   Sawyer,   P.M.,  and Vette.   J.I.   (It) 7 71 The t rapped radiation 
population,   in The  Trapped RadtaMon Handbook    Kdn. J.H. i'ladls,  tl. T. 
l>avidson,   and I . I..  Newkirk DNA 2.li24 Chanife :>,  Defense Nuclear Agency. 



uuiHt IH' rrffrcnord to some *i>«it«l nxiri «hu-h is ii.tialh ll\f ;«»turtl inajjuftu- lu-Ul 

ob-t«TVl*»l   l>\   .1   lllMlpiftlXltHri- »>!> fll*  !ip«Ct*i'l'Mn,       It««'   t|VIIIMl   |H>.-*lt>l>H »if «"IIIMM-  l%|»r 

>>f inst -mnriit imis» W known ilurinü th»* ,t>'v-iiiuiihil u>n of pwrliol«« oi>unls i>vrr n 

small ('«TIOII .-I tlii\»'.   anil this r«>»|uit «•-. tli«* n-.!- >'I soin«» ifftTfiu«' > oonlmntf s\s- 

trm.    (.'onnr^ucnlly,  obvious miit>|><>miml \ari:il<lc> ol thr ihiv ruiu'tii>n ato tlir 

)H>sitii'iiul »ooi vtmatf-.,   ttit- tM)«'i»{\ > ooi ilinatf,   an an^xilat  » ooivlinati- for .tu«1« 

tional systems,   and time,   siiu'r it is known from ol>-.«-i vat ions that linu- variations 

an- verv  iin|H>rtant.    It  is thr variation 01 !hi> ol'sorvnl I'luvf-. with l^l«•-.«• vanaM«--. 

tonploit with th«1 plivsioal > liaia>ti'i i-t u-. of tho orl>itiii|: uist ruitn'iil-. ((»artivlo 

IMUMJJV   r«"s|H>ns»>,   «intinlar ir-.iH'tis«*,   an.l itxnamio  i an^f lor oonntin^t,   that »ill W 

useil ti> tjfsorit»«' the snhrrrnt prol>lt>iiis m ohlaimn»:  .vntal»!«" moitfls of thr «"ii«'! 

UrtU' trapp«-.! railiation «•tiviroimnMit.     1 hr OMUMIH-IV  Ui'it«* vi>Uimr of -.pa. o which 

must lit» obsrrwd is l(i«> tlominant la» tor ifsjmnsiblr for tht* \\n>r ,s«mplin(j that ha. 

»■ti«rM»-tori-fil tin- IM^I»- »lata IIMV! to [>I O.III»-O «-vistint; nuulrU. 

2.   i«H»KI>l\\l( S\SI»MS \Mlsr\ll\l I.KMIUMSOK 
r\Kri( i» m us 

Alth»<tit<h tti«- trapping i «"»jU'ii »>f thr nii«>jnrli>sphrrr is u tnnr varying volum* »>f 

■PMV(   rrHS»>n«l>l«' timo-a\ «'ra^i-il limits »if thr rr>;i»<n arr w itlun II I»    »>f thr «-arth 

and rrsli-irlnl to tTO*   in (•«»»»ma^nrtit' latitiuir.     ^nu-r thr «"iirrjjrti»- trapiH-il partnlrs 

rrprrsont a smjill rnrr^y »Irnsity rrlatur t»> thr rnrruy »Irnsitv »>f thr mu^nrti»' 

firlils Mithin this rr>;ioii.   thr p«rti>lr m»>tu>ns «rr »•onfuir»l t»< i;yi-Hti»n,   ls>iiii»-r,   «ml 

ilnlt on thrsr iwa^nrti»' firlil linrs.    In adtlition,   thr »lrnsit>  i<t thr rarth's »tnuvs- 

phrrr rrstrn'ts rnrr^rti»- partu-lc |>»<piilat i»<ns to thr rrj;i»>n al»»>vr I. I > H   ; thr 

railial crailirnt l>r»-»>mrs vrrv strrp lvl»>«   I. L' l<   . 

!'»< apprr»'iatr thr vasfnrss ..| thr trapping rr»!i»<n.   »•»»n.suJrr th«! this volunip 

nuist l>r lM»<krn int.» »uhii-itl cell* of 0. I  It    on a snlr at railml »listaiurs l-.twron 
«• 

'. ' ami 7 H   .   Htui 0. 2 U    hrtwmi 7 an»l 11  U   .   in .<r»lrr t»> pi»<i>rrlv account f»>r r r %• IF. 

thr spatial gradifniN »M thr ohsrrvril tunr-avrragr»! flnxrs.     Ihr rr«s»>n f»»r siu-h 

»■rll si.-rs w>ll l>r»-»<mr apparent later m thr rr|»»>rt.     A simplr »-al»-iilHtl><n rrvrals 

that if a alrlctly geographic ciHirtlmate systrm is n.sr»!,   I.;» V 10 ' such crll.s «rr 

involvrd.    T»> prv»vi»lr a iras»<nal>lr rnrrgy  spr»tral »hstrilnition MKHII 13 rlectivn 

«n»l UO pr»>t»>n rnrrjjirs,   must Iv usr»l.    Sin»-e thr .«Ivsrrvr»! »<niiii»lirr»-ti»'nal fluxes 
■» 

arr observed to vary from cosmic ray levels »>f order I  cm"-.sec to »<r»ler 
H '* 

10    cm*-nee f»>r the l»>we-.t energy particles c»»nsi»lere»l,   a straight fin-war»! gc 
7 M 

metrical approach might require a storage si/e »<r some 10' to 10 bytes. Thia 

would clearly be cumbersiMiie, if n.>t totally impractical, even with present da> 

computer techn»>l»>gy. 



I nnaequently,   the nuHifU't-s must usf some phNsual mulei <t.uv1ii\^ .>f the 

trapping plwnom«na •« »ell «s data »omprrssum technique-, m or«ter (.> produc« a 

moilel that can b«* use«! in a praotual manner.    The first ti-appmjj legion i>f the 

■••..»►riift.-.p(i»-i i- -hat was undet-stiKxt was the inner /one or Van Allen l>elt.    Kx»-ept 

for j>ertvirl>ations oaii-te.l b\ extremely large maiinetio storms or by artil'u-ial 

inieitlons from   nvulear  .lefonations,  the or. ermu of partiolr fluxes m this region 

»a-,   .hoinn to l>o a.letpiate h\ iisin»; the two-illmensional 1» »svalar magtietu- intensit>) 

an<1 I. fvarametrr system introil'. .-e.l hy M.tlwain and eoinpnted usmg the harmonio 

representation of the internal ^eoma^nietU' field,    t'ther i.mrdmate variables de- 

rived from these two have also been useftil and m the praotu-al models produced, 

the ratio of the maifnetu- fteld at the (V>inl of measurement to that at the geomaj;- 

netu- equator of the same field line.   H  H  .   along with I ,   have Iven used .»- the 

basii- system.    1 lie great advantage of -.u.'ti a -.\stem is that it is two-dimensional 

instead of three-dimensional; this alone result-, m a re.luotion of the mmiber of 
2 

s|vatial cells require.! b\ mor«- than a factor of 10*.    In addition,   the use of U   I* 

provides» a rapid recognition of (»ositions IU-.U   the geomagnetu' equator on each I 

shell. 

In the gro-.-. -.ense the major error produced b> the ehi>ic* of a tmo-dimensum- 

al   .\stem is at \er\  lo»  altitudes for electrons,   »hero longitudinal asymmetries 

arr* observed because of the displacement of flu- dqnde moment from the center of 

the earth,   and of the electron precipitation produced b\ atmospheric scattering. 

However,   flux levels at altitudes below 400 Wm are fimall enough that oiil>  highly 

radiation sensitive device-, such as man and film require additional concein and, 

even here,   lo» altitude orbit satellites perform an average over longitude m 

several .lavs. 

As one moves to the outer electron /one,   it i.-. apparent that a third spatial 

coordinate is needed for the region above ;< H % even for long-term,  tune-averaged 

(luxe-..    Although it is understood distortions of the internal geomagnetic field are 

produced t>\ the ring,   magnetopause,  and geomagnetic tail currents,   a mote 

physically meanmglXil coordinate system using these external fields is not practical 

nor »ere there good external Held models available in the early days, of modeling 

this environment.    In addition,  nonadiabatic time variations of the partiele fluxes 

(discussed later> are known to dominate the region above J H   ,    i on'nui.il and dis- 

crete ilux increases following magnetic storms to distance^ as lov» as I. .< It 

p I'clude the use ol external field models ti< order the trapped fluxes ell'ectivelx. 

The thud spatial cordmate adopted f»>r model work has l^een Uval tune,   since it 

is the best one to account for the distorted magnetic field »ith respect to the sun- 

ward and anti-sunward asymmetry,   »hich alters particle motion over a much larger 

volume of space than that »here longitude is a better third spatial coordinate.    Since 

the dominant use of the trapped radiation models has been for satellites »huh orbit 



for lonis rnou^h |»erii«l.s to «'ffi'i-fivrlv UviMant» \\>t\\ time ami local timr variations, 

all practical nuuleU have contauu'il local timc-avei-ajjod fluvos.    'Mu.-i results in a 

two-dimensional spatial matrix for storing the moilels in a digital computer for all 

parts ofth»  trapping region. 

IK» demonstrate some of the problems related to the spatial flux variations and 

the coverage of the trapping region by various satellites,   we employ H  H ,   I.,  and 

the local time,   #.   as the spatial coordinates.    Some of the graphs referred to in 

the references use H instead of H  H  ,   hut this should not present any problem to 

the readers.     The omnidirectional time-averaged flux is then a function of these 

spatial coordinates and of the energy of the particle namely.  J(H  H ,   1 ,  ♦.   K). 

Hecause of the variations of the flux «ith energy,   it is necessary to consider a 

number of energies (^ 10) to provide numerical models which can then be inter- 

polated adeijuately to obtain the energies of interest for a given application.    The 

flux on a given field line U   shelM vanes Irom some peak value at H  U        I,  the 

geomagnetic e>iuaioi,   in the range of 10    to 10'   depending on particle and energy, 

down to aK>ut  1 particle  cm   -sec at the atmospheric cutoff.    With such large 

fluxes,   it is more appropriate to express radial gradient m the form of the log- 

arithmic gradient,   for example 

di ,ln>"   j dV.   • 

Kor inner /one electron fluxes above 1 MeV near the inner radial boundary, 

this logarithmic gradient i-. typically  li'O  II   .    Consequently,   choosing a cell si/e 

with  i radial dimension of 0. 1  I* % can still produce large errors m computing the 

omnidirectional flux from a numerical model with fluxes given at  various matrix 

points.    At  I   values around -.0,  this gradient is typically   >  U   .    To obtain a 

reasonable grid si/e for the models,   in view of radial gradients,   the I   space is 

tvpicallv divided in 0. 1  H     segments from 1.      1.2 to 7.0 and to 0. l! It    for I   values 
' «■ e 

alx've 7.0.    The H   H    interval-% are chosen ' » considering the omnidirectional flux o 
at the equator and as-.igning .iK>iit three It  It    intervals per decade of flux,    fon- 

7 0 • 
sequently,   if the equatorial flux i>  10    particles  cm"-sec for a given I. shell,   about 

21 intervals will be chosen.    I sing this approach,   the total number of H It  .   I .   and 

K grid points m the models is about 7,000 for Ivth particles.    Assuming 4 bytes 

are necessary  for the flux at the grid points    the models are stored in about 

28.000 bytes. 

With the exception of the region covered b\ geostationary equatorial satellites, 

it is very difficult to obtain a measure of the local time variation of the trapped 

flux.     1 he t eason for this difficulty is that the sampling of all values v.f local time 

require several months to one year in most orbits,    (."onsequently. the removal of 



mhrr»n» tune variation.'« through «v*ragln| i« iu>t <•;*> »n<\ I^H-JII lim* vnrtiillon« 

van *»»U N> inasWr»! by t>.<ca«« tinir varUtUuu.    llow*v«r,   .« |^sv*Ut»on»i y ^paor 

crmtX -.amplr-i all valu«*« of Kn'al tttur «ithtn J4 lir aiul *o th«> Uwal tuixr vartatUMi« 

oan t«*1 a^t-^rtamrvt fairly aikUialrlx.     1 he n>*ull« >>Nain«*vi l<y Pauhka« atul lUake 

i«n ATS I «rr *ho*n m Kigur«" 'J'J tp HO*    f»>r varuni.'i rnrrgy «•leot^ma.    Thr ratu> 

of maximum to minimum van»« fr\>in aU«ut I. 7 at .<00 KeV to S. a at I. J> M»V for 

thi* kiata.    Th«* «•«•^ultn obtainr«! m fht* vonsUruotior. of outer fonr fleotivn mvHiel 

AK-4 nulioate that these diurnal variations «re iu>t extraotaMe l»elo«  I       >. 0 ai\tl 

teiu» to buiUi up at least until oae ifet« to I      «, >.    It is itiffuult to »ietermine thi« 

vanal .»n at higher I   value« atul the average variation »an get as large as a factor 

of IV 

I'ntil more ileflmtive result« »-an l»e »ieternuned by niuoh greater ooverage. 

the averaging ov»r looal time is the i»nly prattual appi\v»oh for presenting a useful 

mo«1el.    Moat satellites sample all value« of local tune during the »-ourae »>f orbit- 

ing for several vears.   cona*qu#nU« a Kval tune avvragr»i flux is the appi\<pi"i«te 

for.» to he applied for accunmlateil fluenoe delerininatutn.    Ho*r»v»r,  in ootuparmg 

instantaneous iluxe« frvun two meaaurements that iliffer vMilv m their local Urn» 

variable,   large difference« can be expected. 

The vvdiuue of the trapping region i« «o large that adequate coverag» to nuMii- 

tor energetic particle population« has never been practical.    Since each «atellite 

i« confined to a particular orbit,   no »»ne satellite ha« ever provided a gxsnl «ainplmg 

of all the legions for »hich meraurement« shtmld l>e made.    Hecause »«f the general 

character of the trapped radiation,   the moat complete coverage b\ a single satellite 

«ould be »»ne in an et|ualorial orbit with an a(v<gee and j»erigee that covered the 

trapping region, such a spacecraft would have to have a unidirectional particle 

detection «y«tem that «a« capable of mea«itring the complete equatorial pitch angle 

di«trtbution over the dt sired range of energies. 

To demonstrate that the lack of spatial «overage for an\ specific e|x»ch is a 

very real and practical problem,   a series of figures have l»een prepared to shorn 

this coverage for the curreit motlel« that have been prvvluced bv NSSIH".     I hese 

curreni minlels are «ummari«eil m Table I.    Prv^ver do ■umentatu>n for AKI-7 has 

nv>t Iven issued although the computer decks have l>een distributed.    A discussion 

of the need for this latter nunlel on an interim basi« »hence the u«e of th# I in the 

nunlel de->ignatuviO «ill W di«cu«aed m Section i». 

.*.    Vette.  ,1.1.,   Id.   ili»7l» Models >>f the  I ra^ed Kadiation »nvirvMiment 
Volum» VUt  Ixmt T»rn> Tim» Vanai'ions. NA-U DIMWIT- 
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Kljfiiros I ami '.'.   ilin» Iho H   H     -  I. COVIMMK«' nf th«* <l!>la ntili/r<l m coiistt nirl- 

in^ Iho floctroil iiii«! Iho proton nuxlols,   rotportivoly.    'I"lio matjnotir oijuator l.-i 

roproHonlod l>\ Iho axis of M'H I <>r A 0   .    'Iho out no aroa uirhnloil hv Iho 
' • 11 in 

100 km-i-iilnlT curvo ami Iho oipiaturial axis is aooosuhlo In spai'olmrno oxfirrl- 

IIIOIIIM.     Iho ri'nioin,   in which ttaln from milv mio spaoooral! ami frot.-  ..mro I hau 

olio Mpaoocian woro avallahlo,   havo boon .ihailoil soparatolv.     Iho Malik aroa uuli- 

oatos no ilala oovoraKo,   ami in   ho ia JO of A I'll (I'lunro ;*) olio shonhl noto Hi;-' 

I,      (l. li IM Iho inoilol oulolT. 

With somo 2-1 spaooorafl USIMI for AI'll ami  l.'t lor Al')--!    -;i moilol-i,   ami roii- 

.«hlorlnu Iho amimnlalion »if oovoraKo ovor a porlotl of 10 yours for all onorjjlos, 

II Is surprising fo nolo lhat Ihoro uro sllll yiips ami rojjioiis nol woll monltorod.    If 

wo had ill iplavoil Iho oross-sooMon of a nionlh of limo ami a nivon oiior>;v inlorval, 

III«' spatial i'uvorano woulil havo boon far from oomplrtr. 

I        J  ONI -.All 11 in 

| ]   MAN> SAUIIIIIS 

l-'l^iifo 1.    M'H, -  l.fov«*r«no for Kxporlmonts t'soil In Const mot Inn Iho AM-* 
ami AK-:» Modols.     Iho aroa shailoil for olio salollilo is «ovoroil hv tho (mlar 
orlulor Injun i 

II 



II 

M«'ilt<l.     I'ho iw.xl«'! anil tin' ilali« u*v\[ \y.\\v :\ > »il.<ll .il   I        i>. i> 

A •Mimm.ux of tl^^, om-r^v-timo «•«»vrrmir .>l iliilii \i>4«'il m Mir VMrt««UM mtMlrN IM 

MIUIWII n> l'i(j«ii'ft   I ■•IKII ii.    In I'iti-h ><r Ihi'sc illntliiini'«,   Ihr IMHMUN  mlorvnU <>( lln< 

|int'li>'li' i liiinnrU «rr miirkivl l<\ llio xnlii'til l>i«r-i.   »n«! Ilio III'IIIIIIMI MMM| «>l llio 

IIUTshoM > liiiinii'l IH iiulti-nti'il l>\  it   «unjlr ii|>«i»ril in ro« .     Ilio lliuo m««« ,>l llir .liiln 

channel iwoil In iu«»lrltiiK i« i i'i'i •'■"'iiU-il l<> llu- li'injlh .>l Iho lu>rl?<>iiliil I'm  lomMhor 

with Iho ipiiiTci-iin il«-'4i|{n;iii><M.    |l\ iir4|Hviti<n of thme I'linii'«*»,  U i* Immvdtalvtii 

npiMiront Hint tlir Innh  iMHMts\ «lain,    '.' MoV l«<i  rlrrtroif« nivl  -100 MrV lt>r IMMIOIW, 

ijii' Iiircrh t.-ii kiii|j in lln< ilnl.i l>n <•• ,>l tiirirnl nunloU.     I'urlhormxi o.   Ihn r Imvr 

hot'ii VIMV lllllr iliilj« aviiilal'lr holvkorn I!» >!• aii<l ll'lil,    l'i|2«n«' ii IM Ihr |<lumt<<<l ilala 

^■l>v^•^n(^^, It. IM» IIMC«! I>>I   Moilrl Al'    i" anil will W ili<«\i-i»oil m ihMull m Soilton l<. 

I<<*tnnuii|| lo tin* m-siMi Kion^niomi'iil'« hv an iiultx iilual  «alollil«',   Iho MNniplln^ 

llinil >i| a ii\\r\\ xrl'll «an l<»' roadtlx  ilhi-«! raN-il.    I'.>r Iho |s<lai   OIIHIIM* »ith aiv»;«'«- 

nboul 4,000 km (for «<\ni\\|»lr.  i>VI-.l. A/l H».   Iho rqniilorUl i-e(t(«n of nil I    • a,0 IM 

Hi»! «ovoioil.    All rxamplf .«f Iho a«l\ial «Inln «i«niiio>l l»\  A.'I li al llnoo I -VKIIIOM 

haxo hoon <li>«i»n in li^xuo 41 (|» •O.'    II 1M »hvimiM ihat Iho^o |H»Ur   oi-bltvr« 

II 



100 

I 
I 

001 

T 1 1 1 1 1 1 1 1 r 

txvM tao«« 

u 
IM» n 

»•Ml« 

>>oU 

»M./0 h^ 
u 

I I 

t-H^ 
I 

IHIW 

U 

-i ■ 

i 

J I I   I   >— i I '        '       '        » 
10»»      1000      IM«      «tU      1001      IM«       It»     1000      IM>      10«      It 

Fllfurt* .<.    Kiii'iny -  Tiiiu' t'Kveia^«' for Hxpi'rlmm's I'seil 
in Conatrucltnc th«' AH-4 Miuli>l.    Tin* nointnal vne.-gy of 
thrt*.>ilutUI ilt'tei-tor.t at-«* sliowii with the upward |H«.nlin|| arrows 
ami tho ^ncrjfy I'aiuls of thv mtt*rval iletei-tors* are pro.sentoil 
l\v tho vertti-al bars.    Tli«' time span of tl\e data used is m- 
dii-ated hv llie len^h of hori/onlal hars.     The Starfisli l)eli>- 
nalioii event is markeii on tlie time axis 

can eontrilmte onlv .iK>iil half of the H   1*    range reumred hv the model and no eoua- 
i» 

tortal nieasiirenient can l>e made for I   values ahove J,0. 

On the other hand,   the hi^h-altitnde,   low-to-mid-latitude satellites,   sueh as 

lUK>-.t and l>tiO-:>,   are restricted l>y the \HH*V time-coverage of the lrap|>ed radia- 

tion /ones.    \\ Uli an initial a|K<t;ee of almiit LM It %1  these spacecraft can sample a 

Ulven I.-value onlv twice ever> two days.    This Wind of data sampling *ill miss 
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Klgur«1 4.    KncrK.v - Time t'ovoraur for KXIMMI- 
ntonts I'scd in Conxtruoting Iho AK-;>   -i> Moilols. 
Nolnfion.«* arc the naiuo as in Klflurr ;< 

moal of the prcdomlnairt •hoH-t«rm Imnporal variations in Wxe outer /one,  which 

will l»e further explored in the followini; seetitm.s. 

Detailed spatial ami spectral coverage have been given in most of the model 

documents.    Headers can refer to 1'igures !»t; through I2H (pp Il8-I4t»)"   for ttpeeifte 

examples.    General comments on the near-term outlook on this are« and recom- 

mendation for future measurements will be discussed in Sections f» and 7. 

Saw 
S« 
»yer,   U.M.,  und Veite,  J.I.  nt>7i;| Al'-H Trapped Proton Environment foi 
Hilar Maximum and Solar Minimum,   NSSIH"  WIH"-Ä-HAS 711-0«. 
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Figure ti.    Knerg.v - Time CovoraRO for tho New Oatn to br 
I'sed in ConstruoiinR the AK-7 Modt I.    NotalionM are the same 
a.s in Figure :t.    Since the AK-7 imtd»»! has not been completed, 
thia Fiiture is only a tentative graphic illustration of a plan 

4.  srW'JAI. VARIATIONS, TIIK CAUHRATION OK Ut'TKCTORS. AND 
OTIIK.R DKTMrrOR rROHIl.MS IN MOOKUNt; 

The large spatial gradients encountered throughout the trapping region make 
the coverage problem a difficult one since an impractically large number of orbits 

would normally be required.    Spectral variations produce another problem that 
affects the modeling efforts.    The majority of the data used in producing trapped 
radiation models has been obtained from scientific satellites In which the emphasis 

has been on understanding the dominant physical phenomena in any given region at 
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a given flmo.    Surprisingly,  the quantitative response of the Instrument to the 

trapped particles has not been the important factor in understanding the physics of 

region; so whether an electron defector is predominately sensitive to all electrons 

about 1. t! or 1.'.' MeV makes little difference in the ensuing data analysis and 

physical interpretation.    However,   the average energy spectrum in the equatorial 

geostationary region gives approximately a factor of 4 difference in the omnidirec- 

tional flux for these two energy levels.    In using data from many safellite-lxirne 

experiments,   a quantitative comparison of different detector systems is an impor- 

tant lactor in obtaining the In-st value of the flux.    This requires that the energy 

sensitivity of a detector system be known with reasonable accuracy.    Since elec- 

trons scatter quite readily in the shielding material employed with these defectors 

as well as with spacecraft mass,  the energy response can best be obtained through 

extensive calibration employing sources of known intensities and energies.    There 

have been many electron detector systems flown which have never been properly 

calibrated.    This results in considerable error since the spectral distribution of 

trapped electrons varies greatly in time and space.    Electron detectors that meas- 

ure energies mainly below I MeV can be calibrated by many available sources and 

accelerators,  and even reasonable estimates can be made by calculations if the 

electronic discriminators are known to be set at reasonable levels to defect most 

of the energy lost by the electron in the sensitive volume »if the detector.    However, 

for energies above 1 MeV,   a detailed calibration is an absolute necessity.    The 
4 

ATS (i system of Paulikas,  Hlake,  and Imamoto    referred to in Figure 7 certainly 

meets the level of detail required and covers an adequate energy range.    We have 

encountered a recent example where comparisons with these ATS i! detectors and 

others claiming an effective threshold of 2 MeV show a factor IS discrepancy in 

flie average flux.    It has been our belief that most energetic electron detectors 

above 1 MeV have never been adequately calibrated; therefore,  there is still con- 

siderable controversy about the best flux values in this energy region.    Proton 

detector systems have usually measured particles within an energy interval that is 

tin» large for it to be considered a differential energy analyser.   Although many of 

these systems have not been properly calibrated in the past,  a calculated energy 

response is generally more accurate than for electrons.    Consequently,  the com- 

parison of various instruments has been somewhat more favorable although 

extensive calibrations are still necessary to determine flux levels to accuracies 

better than a factor of two. 

4.    Paulikas,   CI.A.,   Hlake, J.H.,  and Imamoto,  S.S. (107M ATS-fi Energetic 
particle radiation measurement of synchronous altitude,  IEEE Trans, on 
Aerospace and Electronic Systems ÄES-11:1138-1144. 
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FiRure 7.    KnerRy Calibration Data for the ATS ti Detectors.    K2,  K3,  and K4 
are   threshold detev-tora.    Kl id interval detector (After Paulikas et al,   Ref. 14) 

Hetuming to electron detectors,  it has been our experience that the interpre- 
tation of threshold detectors by various investigators in terms of quantitative flux 

levels is somewhat inconsistent.    This inconsistency can range up to a factor of 
four in terms of the absolute value of flux in certain regions of space.    However, 
whenever the energy response curve has been available to us,  this difficulty has 

been removed by folding the final model spectrum with the response curves in a 

consistent manner to determine what the proper conversion factor from counting 
rate to flux should be.    For the higher energy threshold detectors this factor is 
spectrum dependent,   therefore,   it is also spatially de(>endent.   (if course we have 

had no valid way of establishing the accuracy of the energy response curves pro- 
vided along with the particle data.    Therefore,   the final flux values for the models 
are a subjective best estimate.    However,   it has been our practice to illustrate 

fairly completely the difference«! between the experimental flux values obtained by 

I!» 



••ach fxpenment atui H«' nuultM vulue-s.    A si-annmjj i>f the iiu>st of the references 

cited «ill demonstrate this detailed comparison. 

Directional detectors have presented several difficulties for incorporating th- 

results into the models.    These instruments have either provided the flux perpen- 

dicular to the magnefic field line,   or j;iven a measurement at a particular pitch 

angle at some point on the field line.    In order to obtain the omnidirectional flux, 

the complete equatorial pitch angle distribution on each field line must be deter- 

mined.    Consequently,   each pitch angle measurement must In« translated to the 

equator using adiabatic theory.    A typical equatorial pitch angle distribution is 

shown in Figure H.    Near the atmospheric cutoff one can see that the slope be- 

comes quite steep.    This results m various errors because the finite angular re- 

sponse of the instrument and the direction of instrument  relative to the field line 

must be known fairly well.    During injection events when there are large increases 

m the flux,   this pitch angle distribution is known to change from the average or 

equilibrium values.    Since one is effectively performing a different type of time 

averaging than with omnidirectional detector«,  the final values might l>e different 

by as much as a factor of two     And,   of course,   it  is not possible to obtain an 
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Figure 8.    Fquatonal Pitch Angle Distribution of 822 keV Flectron Data From 
tHiO-S.    The polynonual curve is a best fit to the inner cone data base at I.    I. 5. 
The slopes of the gradients,   t j ,ij  X*.  have the unit (deg'M 



mstaiitatirous i-ompanson of an oinnulirri'tion«! il«'fei-t\>i- ami a clirrt-liKnal il«?trotor 

bpi-ause thry ar«' inewsurinn iliffeifnt ptM-tums of th«* particle i>opiilatu4).    Oirco- 

tional detectors» require that the .ui^ular calibration be vione more «ccuratelx than 

for «n onimihrectional ileteclor.   atul it has In^en our experience that the geometric 

factors i>f such systems as quoted b\ e\j>erin\enter can change by a significant 

factor even after «e have been processin»; »he data for lengthy periods in the pro- 

duction of models.    Generally,   the geometric factors of omnidirectional systems 

can IH" calculated to better than a la'tor of t«o,   so the modeler has some check on 

the quoted values,   Mhere as,  the calculation of the effective geometrical factor for 

directional systems require a much more thorough knoM ledge of the construction 

of the instrument and do depend on the actual pitch angle di-.tribiition being observed. 

Directional detectors are extremely useful for scientific purposes but fi>r the ci^n- 

struction of time-averaged omnidirectional MUHICIS,   omnidu ectional detectors 

present fewer problems.    In addition,   the effect of backgrounds prinhiced by ener- 

getic particles ttud penetrate the shielding,   «hich define,   m many cases,   the 

sensitive aperture,   are iu>t always able to be understood and removed properly. 

Other problems that one must be aware of in using the data fivm particle 

detectors are the saUr ition effects.    Since these effects can be produced by dead 

time within the senior device such as in iJeiger tubes,   y.i- in the discriminator!« 

that determine the minimum electrical pulse that «ill be counted,   or in the counters 

or amplifiers,   it is difficult to understand the various ways in which saturation 

effects manifest themselves.     The valid dynamic range of an instrument system 

are usually no» clearly defined to the modeler,   and must be inferred b> s»udving 

»he final flux values or pitch angle distributions involved.    As part of the calibration 

procedure of an instrumen»,  the system should be exposed »o large enough intensi- 

ties of various energy particles »o drive i» into  «aturation.     I he saturation charac- 

teristics should l>e made available as part of the sup(>orfiiig documentation so that 

the nunleler is not trying to incorporate measurements which are in gross error 

because of these effects.    We can cite some ver\ subtle effects that we have ob- 

served in data where the experimenter maintains the instrument was performing 

properly.    It is very unwise to base a model on the data from one instrument; Imt 

because of the incomplete coverage in the four-dimensional space.   It  H  ,   1 ,   l". 

time,   we have had to do this in certain regions. 

v rtMriHut > uutnoNsot nit numn rutrHi.» rori I.%TIO>S 

The most difficult problem encountered m producing models of the energetic 

particle environment results from the wide variety of time variations that are 

observed throughout the radiation In-lts.    We wil! discuss these various change^ 

-M 



briefly becaua« »t \* eascnfi»! to understmul »hv thes  (nvse suoh a problem,  ami if 

»s useful »o kiiovk the approaches that have been used in our modeling effort«.  Since 

the n>ost prevalent use for these models has been to determine the approxmu te 

radiation environment that new missions will encounter m a variety of orbits    'he 

predictive aspect .s a very important one.    However,   the data used to make a 

model are generally several years old before they are available for modelmj; the 

environment.   Conaequently,  by necessity,  predictions of ä to 15 years are implied 

in the use of such models.    This predictive aspect,   coupled with complexity of th(» 

natural tiv.ie behavior observed in the particle population,   place a somewhat unknown 

limit on the accuracy of the models that cannot be overcome even with an extensive 

measurement program.    Although detailed historical and performance data exist 

for companies '. .sted on the New  York Stock Exchange,   the prediction of the price 

of the stock a decade,   or even a year,   in the future is known to be unreliable. 

With this analogy m mind,   we will now outline the various time variations that 

have been handlet! m the production of the models to date,   and ooint out some of the 

difficulties and the successes. 

Ser.ous modeling of the radiation belts really began following the Starfish 

detonation of !> July  UM!!',   because this man-made perturbation had serums effects 

on the operation of a number of spacecraft in orbit.    The inner /one electron fluxes 

were dominated by the Starfish residue for several years,   which is illustrated by 

a comparison of the radial profiles at the equator of AK-2 and AK-r> as shown in 

Figures l-t> (pp J.'-.'SV '    The decay of these electrons was observed for at least 

8 years and if was necessary to model this decay as a function of I. and V. in order 

to produce AK-r« 15»7^ projected,  where observation-» taken during 15»ii4-li't;t> were 

extrapolated to l;»7;\  and AK-ti.   which is extrapolated to li>80.    Typical values of 

decay tune are given in Figure i> tp 44»' and vary from 50 to MO days.    Fffects of 

the Starfish residue hail to be taken into account up until June 15>70 m small regions 

of the inner /one.     This can be seen m by referring to Figure 24 (p ;>;»l ' where the 

cutoff ci ntours for the Starfish residue are shown as a function of I   and K.   Con- 

.-equently,   both current models.   AF-5 lJ'7:i projected (for solar minimum condi- 

tionsl and AF-ii (for solar maximum conditions*,   lor the inner /one have been de- 

rived by subtracting a decaying Starfish residue from data taken more than 10 years 

ago.    It is apparent from the above terminology that a long-term solar cycle change 

for the inner belt fluxes can be inferred,  at least for electron energies below 

Iü'O keV; values of flux change as a function of F and I   are given in Figures 8ti-5»3 

5.    Hilberg.   H.H..  league,   M.J,  and Vetter,  J.l.  ilt'74* fompariaon of the 
Tranned Flection Models AF-4 and AF-.S with AF-:' and AF-1.  NSSDC 
TT^tr  

(?.   Teague.  M.J..  and Staasinopoulos,  F. i.5. (lt»7:'> A Model of the Starfish Flux 
in the Inner H.uiiation 7.one.  CiSFr-X-t»Ol-72-4iT! 
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(pp 134-U1>. Ihr flux ohan^ei are iypuuU> a faitor of .<; lK«*cver, at »nghw 

energies no such ohanuf oan he obtained (»»vause of the tnasku a effect* of mag- 

Mttc storms. 

The effects of magnetic storms helo* I.     2.4 can be seen in K«j{ures 8-11 

(pp ti0-t!3>.      The spectrum hanlens during the storm enhancements,  the total 

energetic electron content increases by factors of 3 to J> for higher I. values of 

thi t region,   «Uh much smaller effects in the heart of the mnoi   .•one.    These en- 

hancements are observable for 2-3 months and are definitely discrete events. 

Because the frequency of these inner /one events is no more than one to three a 

year,  their effects cannot be handled «ell on a statistical basts.    The quie.-tinie 

fl'ixes with solar cycle changes have been used along viith an average contnbction 

from three magnetic storms,   so that the average inner .-vine t'lvix represents a 

time-averaged one that might be realized over a period of I year.    If one were 

able to measure the omnidirectional flux at one point m space and integrate this 

over time,   the fluence would be; 

T 

F_(E,   H W .   I.>       /   J(K.   It  H .   I.,  t> dt 
T o J w 

0 

and the time-averaged flux would be: 

J      t  »    i      • 

The omnidirectional flux of AK-;< lS>7f> projected and AK-ü corresjvnds to that 

which would I»«« expected to be obtained if T were approximately  1 \enr. 

Time variations for outer /one electrons require a somewhat different treat- 

ment and the excursions during magnetic-substorm enhancements are one or two 

orders of magnitude larger than m the inner /one when considered as a relative 

change in the ambient flux,    A good illustration can In* seen in ligure !' (pp 4 0 

where the time behavior is more complex at I       ;>. 0 than if is at I.     4.0.    The 

approach that has been taken m the outer /one has been to use a statistical ap- 

proach to describe the time behavior and to attempt to obtain a time-averaged flux. 

Here the averaging time needs to be about six months in order to expect the observed 

7.   Teague.   M.J.,  and Vefte,  J.I.  (lt>72> The Inner Zone Electron Model AE-\ 
NSSÜC 72-10. 

8     Teague,   M.J.,  and Vette,  J.I. (lt>7l> Variation of the Klectron Spectrum in 
the Inner Radtatton Belt.   September liV.4 to Present,  \SSDC 71-It. 

i».    Stnglev,  ii.W.. and Vette, .1.1. (li'72> A Model Knvironment for iXiter /.one 
hlectrons.   NSSIH   72-13. 
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(luence to approximate that computed with the model.    Of course,  the local time 

variation,   which has beer» discussed earlier as a spatial variation must be removed. 

This has been done by performinj; a local time average of the flux at a given L 

value.    To place these various time variations into perspective,   let us review the 

situation m the equatorial geostationary orbit near the geomagnetic equator 

(I.     ii. t>.   B H        I).    The instantaneous excuisions can be up to three orders of 

magnitude as shown In Plfure 11 (p .'»(O"; this data set is fixed in local time at 

midnight so that local time considerations do not have to be unfolded.    However, 

for other than commensurateiy orbiting spacecraft,   it is rnpossible to avoid this 

unfolding process.    As we have remarked in Section 3,  the li>cal time variations at 

I. - H. 6,   B B        I range up to a factor of :t. 2 at 1. " MeV and larger varir.'ions can 

be expected at higher energies.    A graphical example of this can be seen in Fig- 

ure 22 (p CO). " 

The solar cycle effects in the outer /one electrons seem to be confined to I. 

values below 5.0 and must be inferred by studying the fluxes averaged over about 
Q 

one year.    This effect is illustrated in Figures :<0 and M (pp ti2-i>3)"   and can be 

seen to amount to maximum changes between a factor of 3 to 10,  depending on the 

energy of the particle and the 1. value.    Because of the large short-term time 

variations,  it has not been possible to obtain an orderly change in the average 

fluxes as was possible in the inner /one.   At any rate,  the effects of solar cycle 

changes have been handled by producing models of both the inner and outer /one at 

epochs corresponding to minimum and maximum conditions (the maximum desig- 

nation is only approximate,  because data in 19fiJ>,  the latest solar maximum,  were 

not available for analysis when AK-4 and AE-5 were produced).    Considering the 

magnitude of the flux changes and noticing the effects of magnetic storm enhance- 

ments in the inner /one and the local time effects in the outer zone,  a more sys- 

tematic nuxlcl does not appear warranted. 

Some recent work by Paulikas and Blake (private communication),  utilizing 

their ATS t! data and the energetic electron data of Mcllwain from ATS 5,  demon- 

strate quite clearly that at energies below I. 35 MeV there are no solar cycle 

effects in the equatorial geostationary orbit region.    This is illustrated in Figure 9. 

During mid-1974 when ATS 6 was at S»40W and ATS 5 was at 105oW,  the two differ- 

ent experiments were intercompared so that differences of energy thresholds and 

errors in geometric factors would not affect the results.    It is readily seen that no 

systematic solar cycle effect can be ascertained even when yearly averages are 

employed.    This is consistent with the results cited earlier where the same exper- 

iment on Otto I and OGO 3 were also intercompared in the same time period by 

Ainckler.   There is another characteristic that can be noted in Figure 9; the yearly 

averages for the electrons above 3. 9 MeV exhibit a stochastic change that is about 

a fai tor of 3.   Consequently,  an inherent error in these more energetic electrons. 
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cvrn for yparly MWtfMi   MHl kl «ntniputpd by »ho.tr usiim nuulfls.    N«>w <i«t(i 

will Iw rpqiiirod to (ictrrmlne if thi.s ttlrvt in \»rgrr at othrr I, values and a» H/B 

values yioiilrr than I. 

Pr«>lons ••xlnl'il murh Htnallrr short-term vartaltons than «lo elcclrons.    This 

Is amply demonstrated by lookinn at Kijiures  l-t> (pp 2'.i-2l').'    fortalnlv the more 

enei'Ketlc protons,  say above H MeV,  show very small chan((os wldle those below 

I MeV »an show chanites approachlnK a Factur of 10.    There Iwvr l>ren two obser- 

vations of large rhanjjes of protons above .tf) MeV caused by maKnetlr storms that 

show both adiabatio and nonadiabatic rhanues.    1°hese are illustrated m Kt|{iires  I 

and 2 (p ID      and resulted in a rediu'tton of the partii-le fbixes which recovered 

with time.    The bump in the radial profile of 40 MeV proNuis discovered by 

Mcllwain on Kxplorer If» and Injun it and studied further by him on Kxplorer 2ii, 

provided some evidence of enhancements of energetic proIons m a confined region 

of space.    This particular distribution discussed by Mcllwain i-an l>e seen in l''!«- 

ures It and 4 (p ID. Since most of these types of changes are not predictable, 

occur infrequently, and, for nonadiabatic changes, require a year or more to re- 

cover, they are best handled by the user beiiiK aware that such departures from a 

stable model can be expected on rare occasions. 

The loiiK-term solar cycle behavior at low altitudes has been taken Into 

account in A PH.    The limited reuion of H  H  ,   I. space where this effect is observed 

can l»e seen in Figures ;»!>-)i4 (pp Hl-Hi>).      These changes do result in flux level 

differences of more than an order of magnitude,   but the altitude gradients are so 

steep in these regions that slight differences In the achieved orbits for such mis- 

sions could result in equally large departures from the prelaunch expectations. 

The time variations for trapped protons do not seem to place stringent limits 

on the accuracy of the fluxes in future niiHlels.    However,   to improve existing 

proton models,  properly calibrated detectors providing complete enough coverage 

to obtain gotxl time-averages will be required to reduce error« in future models. 

6.  Til». NKARTKHM OITl.tHIK KOR KNKRO.TU; PARTICI.K KNVIRONMKNTS 

The electron situation In the equatorial stationary orbit with energy range up 

lo .'<.!) MeV will be completely defined through the work of I'aulikas,   Mlake,   and 

Hilton (private communication) who will publish a detailed analysis of their ATS I 

and (i results along with inlet-compared data from Mcllwain' • ATS :> energetic 

10. I,«vlne, J.P., and Vettr, J.I, (IHTO) Mode la of '['«'Trapped Had tat ton 
Knvlronnifnt-Volumg V;   Inner HeltTrotuni«.  NASA sr-.1024. 

11. I.avme.  J.P.,   and Vette,   .1.1.  (1!>70> Models of the Trailed Hadiation 
Knvlrcmment-Votum.» Vl;   High KnergyTtt/tons," NÄSA ST^TWJT- 

2« 



part uU-experiment.    This data.   aloiiR with that from (HlO !.,  oVl-li».   A/XW, and 

ISIS J,   is in 'In' proiM-ss of boinjj an;il\   I'I! Ic obtain a tu-w outer .■one model AK-7. 

1 his effort should U- coiupleted m aKuit a year.    Because of the len^tti of time 

neoessary to produce a pro|>erly analy/ed model,   it was necessary to issue AKI-7 

on an interim basis to account for the ne« electron measurement-, alvnit L' MeV. 

Some .>| the change-. I'rom Ai:-4 that can be «-xpeited are illustrated in litres 10 

and II where the comparison of AKI-7 with some data are shown.    The 111 model is 

based on the OVl-l!» analysis of Vam|)ola.    As one can see m l-'itfure  10,   there is 

basu- disaKt«*«'ment between the A/l'H and OVI-U» results.    Hoth measurements 

«.■; .• taken m t!;.'   .ame time period. 

The C>VI-li' data of V'am[H>la is piesentlv beinn studied along with West's 

(H^i   ■ data lo resolve the discrepancies with the A/l'H data of Hovestadt.    I'learly. 

the previous AK-4 mo.lcl  is low  at energies .i'eve  I. ;i Me\' based on the A'l S  i. 

data "I  I'auhkas and Hlake   it the neoslatioilary orbit.    Since the calibration of 

these detectors,   as shown in I'igiire 7,   have been carried out very carefully to 

high energies,   the validity of their results are uiU)uesttoned.    In addition,   their 

treatment of threshold detectors is identical to that which we introduced m AK-l 
2 

and their statistical analysis" is also identical to that which «e introduced m the 

AK-I construction and used in making   \r -I (a dettertptton of this technique can 

il ... be found in Hef !»).     1 lie major change from AK-^ is a hardening of the spectrum 

aUive an energ> dependent on 1..    Whether the III and 1x1 limits used m AKI-T will 

be adopted lor AK-7 is not  known.     However,   with the stochastic changes observed 

even in the yearly averaged fluxes shown in I'igure !> at .(.!' MeV such a feature 

seems justified.    Part ol the discrepancy between Al'-4 and (»Vl-P1 data at  I       4.(1 

may l<e a solar c\cle el'lect.     S.dar maximum occurred m l!»!;!" and the latest <lata 

used in Al,;-4 was early l(>(i7. 

Looking beyond the present analysis,   the energetic particle data that will be- 

come available lor modeling are shown in Table J where only currently operating 

spacecraft are given.    We have only included those experiments where electrons 

of at least 0. H MeV and protons of at least H MeV are measured.     There are a 

number of other experiments on these spacecraft and KSA HKiVS that measure lower 

energy particles. 
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:    KM OMMt M» \TIO>S M>R H 11 Ht WV \S\ K^ M» N IS 

In i>ril«'i- (i> pi\uUu'«' moi'i' afviu at«' OHIM-J!«'! w purtuli" i-nviroiitnonts m the 

fiitnre.   the lillowtn»! reoommetulHtums result  Irom the pteviuus discussion: 

(1)   Ise well rahbrateil »nimdireftumal instruments in orbits of opportunity 

aiul iloternmie saturation effects holoro launch. 

(J>   Make special efforts to extend the eleclr.n enerjjv raiiKe up to at leust 

H Me\'; in doin« this attention should IH" «iven to discrimination against the i-on- 

tammation of penetrating piMtons in regions of the inner /one where their fluxes 

minht he lar^e relative to those ol energetic elei'trons. 

( tl Make special efforts to measure protons in the enern> ran^je from 100- 

SIH) Me\'; contamination from energetic electrons and hi>;h .'. particles slknild he 

discnminati'il against in desi^nin^ such systems. 

(4)    \ se digital ciiunters and a digital spacecraft data system. 

(;»>    If a single orbit for trapped flux measurements could be chosen,   select 

an equatorial orbit with about  1000 km (wn^ec and 40,1100 km apogee altitude 

and use directional instruments that can obtain the comple'e equatorial pitch anjjle 

distiibution over the enernetic particle spectrum.    A spin un»; spacecraft with the 

spin axis normal to the orbit plane is ideal in this case; in addition,   selecting a 

I'J hr commensurate orbit niijjht greatly aid in the data acnuisition coverage, 

(til    Insure that resources are available to firm-ess all the acquired data to the 

(Hunt where en>;ineeriin; corrections are made,   saturation effects are removed, 

periods of suspect instrument performances and bad data are deleted,   and orbit 

(also attitude for directional instruments) data are merged with the accumulatrd 

corrected counts. 

(7>   Insure that proper documentation and calibration curves «re provided to 

the environment modelinn group aloiitf with the reduced data within I year after 

launch.     This will permit more timely and accurate models to be produced. 

(H>    Insure that orbital (msitton accuracy is adequate to handle measurements 

pro|>eily where the spatial gradients are large.     These regions are at low altitude 

and in the I. range between L' and 4 where protons exhibit steep radial and energy- 

gradient s, 

(!0    If H  H    and I   coordinates are computed,   insure that the same model of 

the internal field is used and appropriate secular changes are incorporated so that 

comparisons of measurements from different satellites can be conducted with 

minimum error. 
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