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V .
1. lNrRoDucrIoN

This i.c a contrac t to design , l.~hr ic . i t~ • , asseinhl’ , t e s t  a n t  i r t v g I . i t e

an lonusp ht’r ic—M ~ignetosp her Ic Plasma hx pvr Iment (IMI’F) I i  vxp. .r u ncu t

• Co i1~ is ts of thtCtS r iics spec 0 romete r ove r ing t I.~ enet ~v p~’r c I.i u gt’ range

from 500 cv to lb Fey and 0 he ias~ r;ui)~~’ from I AMU to  r r . . i  yr ti.iri I ‘.() Afl1J

p lUs f oUr d c c  t ron ~;j ’vc trenet Cr s cover  Log t liv t ’ i i t r s ~v • t ~~~v I rem :ipprox 1—
• mate ly 70 eV to .‘~~. FvV .

Tht cxpe r irieut conceptual dec ign , which was . idi; . 1  1 r ’ m  pi v ioi is  i?~}-~

• sponsored spec t rometer~ whic h w ere .1. . i~~i u t d  and 1~i) r  I . 1  ! v  I t v  S j iacc

Sc ienct~s l.aboratot v of the Lockheed I’ ,i I A l t  Resea rc h i i ! ‘ r a t  ~ i ~~ , w i ;

• c a t r led out in the ;.c I o r t  hi weeri h i t  ciflt’t r I ‘~ •~ 4 and ‘ l ~ 7 ~ . The

deta iled des ign i t  t a r t  was eo~~p let  i’cI In ~ . ~‘t iril.er ~ 
‘
~ r i O  wh ich  t inc I • ul r r  I —

cat ion wa t; s ca r t ed . Fahr 1 a 1 ’,i v i  ‘r r r ~~~ p 1 . t  ed 1w [Icc .- “ ‘ - . r  I ~ 7 t . Test i at

O he Inst rtr~cnt I t v  vi  v.i c a camp I Ic 1i~ d In t lie j’i i iou 1~~’ ~~.i n  l)e ;ht r I ‘~ 
1( ~ antI

Dcc a~bcr I ~7 ’ .

p The 1MP h wait H ; t * g r a t . d  l iuto i . - \F ’ \ t ( iI p . i v l  t ’ it~ ‘‘H ’. ‘U~. ~‘t i.’r

o., ~he i n t e g r a t  iou ot  ARPA —~~O1 i,.’ it l i thi  o . - . r.i lt .—.

~ 

ih.- l i t t e r  r .  ,:au in

about ? tar :h  19 78 .

The IMI I. inct rument v. Is r . t  i j n r - t t I I \ P . I. in li . v’’h. i 1 1~~~ f ‘i f l ig ht

senso r i ns ta l l i t  ion and w.i . ~ I o ; v r ~~~; r l v  rt i;~t e g r a . l  I i;!o I) . ’ s he  • r r a l t

The spacecra 1 
• de~~f g r i i t e d  SiT ~P—l  ( 2 I h~.) ,~ vt I .u tnu l i i i  4 r4.~ thQ WIK

on 24 February 1919 into a low .il t i tuide pol i r nt-hit . F ) . ’ P~J’h instrumint

was turned on for ful l  checkou t on .‘ March  )~ I 7 h , 0n t h e  b a s is  ‘I qu ick

look data received at the s a t e l l i te  cent i- r i  I ; ~ ii it v • 
;~~i ve ry  at 1~ to

dete rmine from the analog monitors tha t al l  of the i x I- e r i me n t  hi~~hi vo l tage

systems were opera t ing  as expec t ed . The ; .-  da ta , o w e - i t  • are inadequate

for eva luat ion of cc tent 1114 dat a. It vi 1 1 not hi’ g o ’ . .  1~~1 . I e per form i

mean ing fu l scienc e evaluat ion tint il r e ce i v e  t he  d ig  it  I ‘ i- I data  tapes .

The pr I r~.i r v Ut I Ii ~a o f  on of the IMP P d i  t i wi l l  h.- In co ot -  di nat cii st .,.i I i ’ ’.

w ith data from the SC—8 experiment on the SCATHA s pac t u  r a f t .

/
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2 .  INS t Rt~ II.~ IA I

A photograp h of the instrument Is shown in Figure 1. The combined set

of electron sp ectrometers and ion mass s pec t r o m e t e r s  t o g e t h e r  wit h all

associated e lec t ron ics  is co nta int’d w i t h i n  t h i s  one p.o Lip. . It1.  pack r ige is

mounted to the ~.;u icec r a f t  v ia t he II .tngt’s v i  i t ile it t lie hot torn of t h i t ’

on both cnd~ . Al l  el i - c o r lea I com municat b i t  w i t  It thu. spacecra l

is via t I i t~ s I ug I e cu’nncc to t  on t he uN)a r u ight of t lu I igure

The package d linens ions .1 re apprux irma te l  y 4 . 5 Inc li. ‘ by 8. 5 inc hes by

9.5 inches 311J (Iii ’ t o t a l  vi i ~;h I j
~ Iluil i - O X  j rm.i e’I y 14 1,,~~utid

The pt - o t t - u ; ion in t h e  upper tel  t of the  I i pui i t ’  f ;  t he  m a ; . spec t romt’ t e’r

coi l  intat ion un i t .  The rectangula r i- l.-n. itt  w i t h i n  the black c i r c l e s  at.-

t he three ion m i  c’; spec t run t ci ent ra nt ’ . aper tu res ,  ihie tour sma 11cr

c i r c u lar ape rt ur vs  in the lower r ip l i t  o f the I igure at. ’ the C U t r u u n - i-  •1~
,o r—

tures f <, r t. t i e  I tot r vi  vt t ron spc ’ c t rome ti - i -

F igure .~ s h o w s  the inst ru tmet i t  w i t h  t lie e lec t r e t t i ~s rove r  removed

The dig i ta l  e l e c t r o n i c s  ‘ in tO i 1~~ - .it .,1 i~ t b .  I ~~~~~ ‘ i i , bot~~’ of t hu ,

d e c  ti- an s))t ’ctr u~~~t ci e lec t ron i cs  ca n be s.. n to th~ 1 .1,

1 Ma’ . - - ‘i t r o m e t  c i

A c.,iu n it  Ic of ne ut the m.is’. ~ p i c t r o n . - t • r s  i~ , . t r v ii in 1 ip t i rc  3 .

Eo l1ow iu ,~ a co l l ima tion  svsl. ’rm which 1 ijitit c O t t ,  r.in~~e ‘t  inc ident  d i r e ’ - ?  ions

v i s i b le t o  the s p i - . t rumt ’te r , the ions e n t u  r a We in I f  ~ t i r  ( v e l o c i ty  lilt. r) .

This C i ter c o n s i s t s  of cl.’.’ t r a a t a t  iv I j e l d :  and magIiu’ t Ic f i e l d s  direc t ed

perpendicular to t !i’ Inc ldcnt ton ve loc it v v ec t o r  and .11 .u perpendicu lar

to each ot her . The to rcea  acting on .in ion in such a u t os s e d  I I.. Id

geometry are given by,

( 1) F — q(  —

whe re q is t he e l e c t r i c a l  charge on the Ion, c is t b -  , ‘ I u ’ c t r o s t a t  Ic f i e ld

in ctatvo lt s  per c~it , u/c i’; the Inn vi - L o c it y  divided by the vclo . b y of

li ght and B is the magnetic f ie ld  In G;it isc .

If an ion i s  t o  pass through the svstt is withou t dcl lec t  ion , the i t t

fo rce  F must be zero.  Thus , onl y t hose ions w i th  v e l o c i t y  near

such tha t

I 
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are pass ed throug h the filter . All other ions are del l e ct . d  to one of the

walls of the fil ter and are lost. If B is f ixed , out’ n o t e s  tha t t h e

veloc i ty is dir e c t lv proport iona l to the c l e c t r o s t a t  Ii ’ I IeId , Thus t h e

ve loc ity f i l t e r  is “tuned” by t he c lv .  t ro st a t  ic potent f i t ~ app l j ed to the

p lates of the f i l t e r .

Those ion s e x t  t tng the  vel oc it v f i l te r  en? ci- t Iw ‘ .j ’hi- t Ica I i. I t-c t to—

s ta t ic anal yzer . Here the tra j ector y of t tie ions Is deL ermineel by the

centrifugal fo rce  balanced against a radi.i I c l e c t i o s t a t  iv f o r c e .

( 3 )  -

where H is the Ion mass , R is the ra d i i ;  of the anal y .- .- r  • and t he o t h e r

symbo ls arc as dvi m e d  above. Fqua t ion ( 3 )  an he t r a i t  clorrncd

• 2
or

(- ‘e )  P/q  — R.

w here E is the energy of t he ion. l i tu s , t in- c lu ’ c t t r ot . i t i v  ana lv ;~cr passes

an ion of a g i ven  en e r gy  per c h t arg e .  As w i t h  the y e 1 ’ , - j O y  f i l te r , the

energy aria 1 yzer car t  be ‘‘ tuned ’’ by t lie ,‘Ie t rosta t ic  ;r  ten t Ia I app i ted

the ana l yze r  p lat e ’ ; .

If we subs titute ( t o r n  equation ( . ‘ i  t ’ r  u in c r ;u I t  ion (3) , we o b t a i n

N c r  2
— qt

solvi ng for H/q, we obtain

(5) M/q —

Thus we see tha t the combined a na lv 7 r rq  determine t~~ t h~ th e - n i ’ ryv  per C h i t  pe

(E/q ) ,  see equation 6 , and the mass per cha rge (M/q ’) , see e q uat i o n  5 . ot

the ions. Furthermore , any comb ination of El 9 and ~ / q can he se l ec t e d  by

— 5 -

_ _ _ _ _  
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~~Pl~ contro lling the’ p o te n t i a ls  .ipp h icd to t h e  two s e t s  1 , ‘ f - . t r ’ s t it  I.-

deflec tion p lat e s.

In this ana ly ie r  the ions are dt’ t i-c ted by a c hiani t i -  I i- Icc t ron mu It I —

p 1 icr (c~~t i  sv~ir h.o I Ized by the C~ shaped element f o l l ow ing  0 hit’ ci ,‘ c t  L-ost .s t Ic

ana lyze r in Figure’ 1 .

Fi gure -‘ S hew - a phi-i tog raph of one’ of In- vi ect  i t , • it iv art.t I ; e r  ci Cit

together w i t h  its  0 d M .  1 i1: ;rr e S shows .i c lor.e—up .-i~~ hi ’ I t  ~ in It s pai-

The met al obj e ct p i to.’ I t i c s  ~h ie id  lilt: .~ ains r periet rat  i i~~’ r.i I ia t I - it . Tb ions

exit ing the ele c t i - t i- . t a t  iv aria I yzi’ r i - i tt y r the CEM t hr rorr ~ h i he i-i angular

opcn ing i tt the m e t i l  sh it’ Id

2 . 2  F lc~ run h j -  t r ’Fn ,-~ i ’ l ;

A qchicsu atic ~-t iii e l e c t ro n  spi t ! ‘ ‘ ~. - t . - r  is  shown in F ’ i : u r c  ~~~. The

e leC trons enter t hrough .-i min t i— ~~Ii- rner r t  i t i l  i m i t o r  f i t ? ’ lie .“t i t ’  t I C  f I t- id

sect ion. ~ lthin t b -  magnetic I h i d  t in- c i ’ n t r i t ug a i  l i t  t’ 1~
against o h ,  magnet ic f o r ce , so tha t

—

r c

(6)  ~~ —

whe re a l l  the s ynibo I - a rc  as ‘t el m i d  iii 2 . 1 - i 1 ice , ‘ ‘ ci ‘~~ run rn ’n.’n —
tu~ is d e termined h~ - t he na~ net i .  I b id B and the i - u i  i r i s  ‘1 c u r va t u r e  r.

Equivale n tl y the e lec t ron  energy I~ g iven by

I B ’(7) E - ((t
~~~) ’2m c

— The range of electron energie s detec t ed by the CF.M is a Inner to rt of the

exit aperture length and p lacement re lativ e to the cii? rar ice ap t ’ r t e irv a’- vei l

as the magnetic f i e l d  B . For a giv en aperture geometry th e energy an t

energy range are proportiona l to B 2 . The A E/ h .  for t it .  lMh’E s pec t ro m e t e r s

is appr oximate l y 1.05.

— ft —
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Figure ’ 7 j~; .i photograp h o f erie - l t ’ c t t , i n  s p e c t r ’r~i - t  y r rtodul , - w i t h  i t s

detector and signal electronics. T h e  entranc e co l l im i t i r  I’. in O t t ’  lower

right and the magnet is In t h e  upper right of the 1’hot t i C r a f i h i  . One c aut se e

the front of t he t i M  extending out I ron henea t hi t tie c u 1 - i  t ron Ic s , Fac It

d ec troit ; pvc i t rio t e r  w i t  hr it s own iii ,‘ar~~’ 1 i i  ~~t i- , amp I I I  i - i  and i i  Ce ’ r its i ina—

tor is c ontain e d w i t  it In 3 modu le’ ,u •~1iuwrt In t lie p lt~’ I ’ ’  I - i~~ Ii.

Figu i-e 8 s t t t ’’-.- - ; t he cheanne ’ i ,‘ lect t . ’ n  ~r i i it i 1i iic’ r ( C l  ‘1~ i n  n i t  v d et a i l .

Tb,’ high vo l tage t i o c k i t i g  ~ ap.uc itor at id s igna l p ic~~— t ’ f  I r,’’, i s t ’ r arc

v is ib le. I he ne tal  w r a p p ing around Ire’ I runt sec t be i t  o f  t I e  ( I  
~ prov ide r ;

shie lding aga 1 s t  p i -ne ’t rat  lug rat i  Lit it ’n

2 .  l i v ,

Figure 9 i s - ,  Iii cc k di .u c ram of t h~ - r i - - t i  tv-i. ri t v Li- i  t i  tn t  I s . -‘i ii t it ri

r , - .’, ‘cLt C’lt.- t v r s  .nre ;‘ t ’ - i’ r .  l v  t i t  -t y W e in  Fl it  i-i ‘ ‘- .‘ .ini i i i ’ . t i t —

a t  I c  ,‘iiij i -.- , i - r  (~ ~‘,\ ) h i g h v , l  i~~~- i~~~~’- r  siipp l n’s i - ~ i i . - a l l  t b t  t I ~~~.. liii

I it e r  v - I t . i f: . - s  a r c  ,:‘- r r , - r . i N t l t t ’ r  t } . .  h j , ’ ’ t . - s t  , r. r ‘- ‘ p  • ‘ri - t i  r .in i  t i f v j d —

i’d d -..’tr . i ; ; ’ r - ~- t  i - a t - I ’ ,’ i t t  t C i -  , ‘ -,. ‘ , I I’iiL’ i~ 
‘ ‘. if l . l l -t ’ . , i ’  . I~~i’ L.A s i i j ij i l ii’ .

.ire se t  on orn’ ot  t our I Lxvii v i i i , - - . ~‘~~i It -  i- 
~~~ in i I t  i’r ,.IIPP I I’ - - - I

t i t le  pe r “c - c e l l  I e v e r  - u r inl:c- ‘ 1 v o l t  .i~ vc  1’’ r~~ ’t ’t  i i i.ui t .’  t hi’ si in. ir e ri’ ’?

the c-i;. r~~
-,- set t o g .  lit,’ W i - r n  Ii it e r  r.irip v o l t  igi’ i t t  ‘ i ’  i - l i l t ’ t’d by u

I ac o r  of -~ by ‘~‘-ri~rnd . Tb I s sw i t - I . - he r i  -~ - - sv ,-i- p 1 rots t he ri. ’ m a  I I

to ‘.32 A,1 to .u range ~ f % ft A~II t t ’  150 A~ I - . Add s t itin.; 1 t ’ rim.i ii ’ st’ lvi itt Ii-

mode’ s o f operat ion inc lende locking Ciiirt j nou-; l v i t it  i ’  - u C i i l~~l,’ i . r r , l :~ y s t e  p and

cyc ling more r.- i ; - id lv  between on ly  two energy s t e p ’ .

The CI.~ b l u c  u;tp 1 v can a I so f t ,  conrraurded t o a lii i: ’’- r Ye i t i  gi t I’p I

i- f o r  1’ ..i hle CIM g r i n  iiegr.idat ion . The ( I  ‘I p u n  is  meascu re t i  i i i

f l i g h t through t h e  i n— f l t g h t — c a l i I ’ r a t  ton s v s t i m .  I I’  f i r — f l i t : t r t —  a l i b ra t  i i i

is ii ; it iatcd by coi~ rand and invo lves cyc ii rip the de t i i- t  or t I r r~- s t i ’ Ids t ti t ’ u y t i

four levels to measure the pulse  height d ist r i bu t io n  of the ( ‘I

— I i  —

_______  _ _ _ _ _  ~~~~~~~~~~ - - -- -- - - -~~~~~~~~~~~~~—
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Da ta I rem the three mass spec t rtii’ii- t i’m S ~i re accumu l.it i’d in 1( 1—bit

accumulat ors arid transferred to p.ir a ! lv i  butt emr ~ I,’ I j r’s-s i’ i-r ‘,i ’ ond.

1 be buf f  ere’d data  .1 re ’ sub sei tcicir t 1 y r ead  o u t  t Ii r ough L i i  - h i t  c r f. ‘ t i -  . flit-

t’ i c c  iron chranne is ( r MLA , ~‘M1- R , CMEC ,wd CMEU) cact i  I v u - t I I 6—b i t  ac -umu I ’ i t o i  - -

which  arc read out v i  ,i te lerrs’ t t y  M Inc’s per ;,e’c~~i i t

3. CAL IILRA-ri (rN

3. 1 Mass Sj~~~~~ t r t t - ’ c ’ N- r c

The ;‘ re  [ l ight  e a i i b r a i i s iit o f  ~~‘in f i l t e r  s p c - c t i t - ; r i - I I - r - . &‘ i ’ O c 1 5t~~ ‘ ‘ I

comb ined lab5 - r , i i o r v  beam c al [brat  ion and co mputer  r i v  t r u i n g .  ‘Flip e x;t i  e l i  d

I ‘ca t  c_’ns of rita ss i’c’ .tk as .1 I ‘inc 0 1  ‘ii of nt.’iguie Ic arid • - I c C t  I t’;; 1 it i C I i .  h I s

w e t . ’ det . -ri’rinti d liv d i r e e t i n ,- • ‘ i i • - r p • - t  Ic i - r i - . dewn t I’ - c -  r r t i - r  ‘1 l u  v o l  I i l - C u l t ’ ?

elf fltJ -‘ 5 ’ ~~’ v t, ~~t orni’ t i - I  . 1 liv .1. - 1- i l  l,-~t I i t t ’ -  ‘ : t u . i  • pi Il. i - f  ‘- ‘ .1 U t r i l l  -

r .us- t r a c e  ;‘retgr.i’rr . I .‘mb iitt  rr ,~ I )uu ~~., t ‘.0 we p’ i ’ t i l  v t  t H I i i ., - ~ t i.i ~ - . - -  - shown

in Figure 10. A- ; d i s c us s i - d  c u r l  i c - i , s u i t  a h ’ I -  II ighit  ci. it . i i i i ’ i , ’ t  V ( ’t

avai lab I.’ to compare them wit Ii pred j t  i t - n - :  fo r  t i n  j u t  reu me nt It ’wc ’ v , -

we show In Figure 11 a c o r ~- h . ,r r i  - .in i l t , ’ twc - , - ; t  ;ir t’ d jct etl .ini] I I i s - h i t  t ’~. - u ’ r v i - t ! I Inc

shapes for a s irn i l.i r spe ctrt ’r’-.c -t e’r .

The absolute ge om etric factors for  t he  spec t rome t i r s  v-i’ ; d e t e r m i n e d

to be
—s 2F: — 3.~ ~ 10 - F tcm —ste r keV )

where E i~. t he ene rgy in ki’~’
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3 .2 [ i L~~~~~~~~~~~~~~ -U~~~ C t t’t

T he e lec t ron spectrometers we re labora to ry  c a l i b ra t e d  liv an abso lu te ly

calibra ted electron source. The following table sh ow- , the rc ’sc u i t s  of t h e

calibra tion.
(bA E /I: I Energ y Range Cen t i - F I rrc ’ rgv

(key)
CHEA 1.31 x 10 o .n~ — 0 .2 7 (1.18

CFIF.!L 7 .58 x io 6 
0. - 1 .2 1

6 .98 x 10~~ 1. 16 — 5 .62  1 .86

(ME1) ‘4 .32 x 10~~ 8 , 34  — 2(n . / 2  18.38

• (
~~ I-~i ‘L~’ :~ I ON

The IM,I’F: sire -i re umt ’t cr w a s  lanunchit ’d ;is M1’ ,-\— UCL of t lu’ A8i ’A — P11

pay load  on the SI!’ ~— 1  ( 226 5)  s , u te l  l i t’ ’  urn .‘ -
~ F e h r i , , u r v  ~~t~~~~ i) , r~~ tir e

basi s o f q uick lurk dat a ;iv .i lable in irear r i- r i  tim ,’ i t  was c ’s t  ii’ ! j sht ’e t

~‘ t . i  the various instrument monito rs t ha t  t Ine Inst ISr i ri t 511? \ ‘ Iy i - I 1:ruIn’ ’hr

and all hr 1gb vol tape conv ert ers we ri’ op.’ r i t I op  proper Iv . Ihie t o  do Liv’;

in rece ivi n g dIgItized d.-ita ta l es vu’ do ir t i t v et  l i v,  . u - .- - i  i I ,u ( ’ I ,-  t I.it .1 t o

evaluate the sci e n t i f i c  out put of t i re i- x ;- u - r t ru st

i t j -: ant Ic I ‘ , i t  ~-d that , t h e  p r - i —  - - .nppl I ca t  i i i  - I  lie I ‘~l’ i  dat r w i l l

be in coordjn. it  ion with th i e SC— 8 exb s’ r inn-nt ‘ ‘it (hi ,’ I-( ’A ( IA sp.uc ’- e raft

— c:  . Sin’ I ! .’,’
(r i O i l  ~J I Invest i p - u t  i t
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