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SECTION 1 

INTRODUCTION 

1.1 SCOPE 

This r e p o r t  documents t h e  work accomplished i n  reducing 
ionosphere composition d a t a  from t h e  ion  mass spec t rometer  expe r i -  
ment on Explorer  X X X I  s a t e l l i t e  which was p a r t  o f  t h e  ISIS 
program. The work was performed by The Univers i ty  of  Texas a t  
Dal las  on c o n t r a c t s  NAS 5-9444 and NSR 44-004-089 f o r  t h e  Of f i ce  
of  Space Science and Appl ica t ions ,  Nat ional  Aeronautics and Space 
Adminis t ra t ion .  

Sec t ion  1, of  t h i s  r e p o r t ,  de sc r ibes  t h e  p r o j e c t  background 
and o b j e c t i v e s ,  and t h e  p r o j e c t  r e s u l t s .  Techniques used i n  pro-  
ce s s ing  t h e  d a t a  a r e  s e t  f o r t h  i n  Sec t ion  2 .  Sec t ion  3 summarizes 
t h e  experiment d a t a ,  and a b r i e f  d e s c r i p t i o n  of  t h e  ion  mass spec t ro -  
meter  ins t rument  i s  inc luded  a s  Sec t ion  4 .  

1 .2  PROJECT BACKGROUND AND OBJECTIVES 

Magnetic d e f l e c t i o n  mass spec t rometers  have been used s i n c e  
1964 t o  s tudy  the  composition of  t h e  ionosphere from rocke t s  and 
s a t e l l i t e s .  Such ins t ruments  have been s u c c e s s f u l l y  flown on fou r  
high a l t i t u d e  rocke t s  and one s a t e l l i t e ,  t h e  Explorer  XXXI, which 
opera ted  f o r  2-1/3 years  i n  o r b i t .  

1 . 2 . 1  THE MISSION 

On 29 November 1965 t h e  Explorer  X X X I  s a t e l l i t e  (Di rec t  
Measurements Explorer)  was launched piggyback wi th  t h e  Canadian 
Alouet te  I 1  Topside Sounder from t h e  Western Tes t  Range, The 
s a t e l l i t e s  were p laced  i n  an 80" prograde,  3000 km apogee, 500 km 
pe r igee  o r b i t .  The Explorer  XXXI s a t e l l i t e  contained experiments 
designed t o  measure d i r e c t l y  c e r t a i n  p r o p e r t i e s  of  t h e  e a r t h ' s  
ionosphere.  Various p o s i t i v e  ion  spec i e s  i n  t h e  iososphere  and 
t h e i r  r e l a t i v e  abundances were i d e n t i f i e d  by t h e  ion  mass spec t ro -  
meter .  

The in s t rumen ta t ion  flown i n  t h i s  experiment c o n s i s t s  o f  
a smal l  magnetic s e c t o r - f i e l d  mass spec t rometer .  There i s  no ion 
source employed i n  t h e  ins t rument ,  s i n c e  it i s  designed t o  measure 
t h e  r e l a t i v e  abundances of  t h e  p o s i t i v e  ions  formed i n  t h e  upper 
atmosphere by n a t u r a l  p roces ses .  



Operat ing p o t e n t i a l s  a r e  ad jus t ed  t o  permit  thermal  energy 
ambient ions  t o  e n t e r  t h e  mass spec t rometer  through an a p e r t u r e  i n  
t h e  s i d e  of t h e  s a t e l l i t e .  These ions  then  pass  through t h e  mag- 
n e t i c  ana lyze r  having an 1-1/2 inch (3.8 cm) r ad ius  ( t he  permanent 
magnet has  a  f i e l d  s t r e n g t h  of 2200 gauss)  and i n t o  an e l e c t r o n  
m u l t i p l i e r .  A 5-decade logar i thmic  s o l i d - s t a t e  e l ec t rome te r  ampli- 
f i e r  measures t h e  output  cu r r en t  from t h e  e l e c t r o n  m u l t i p l i e r .  The 
mass spectrum from 1 t o  20 amu (atomic mass u n i t s )  i s  con t inua l ly  
swept by an exponen t i a l l y  decreas ing  vo l t age  having a  3-second 
pe r iod .  

Data show t h a t  t h e  ionosphere above 1000 k i lometers  u sua l ly  
c o n s i s t s  of hydrogen ions  a s  t h e  predominant s p e c i e s .  Between t h i s  
a l t i t u d e  and pe r igee  (500 k i lometers )  t h e  dominant ion  s p e c i e s  s h i f t s  
t o  atomic oxygen,with a  s i g n i f i c a n t  amount of  atomic n i t r o g e n  ions  
a l s o  p r e s e n t .  Helium ions  a r e  p r e s e n t  i n  small  q u a n t i t i e s  a t  a l l  
a l t i t u d e s .  Other minor ions  observed a r e  t hose  o f  2,  7 ,  8 ,  15, 18, 
and 20 atomic mass u n i t s .  

1 .2 .2  PROJECT OBJECTIVES 

Reducing raw s a t e l l i t e  d a t a  from t h e  ion  mass spec t rometer  
t o  a  usable  format t h a t  could be r e a d i l y  re ferenced  was t h e  o b j e c t i v e  
o f  t h e  p r o j e c t  funded by NASA con t r ac t  NSR 4-004-089, This work 
encompassed t h e  fol lowing requirements .  

a. Wri t ing a  computer program f o r  an IBM 360/50 
computer which would ope ra t e  on Experiment Input Tapes supp l i ed  
by Goddard Space F l i g h t  Center .  

b .  Recording t h e  d a t a  i n  usable  format on magnetic 
t a p e s .  

c .  P l o t t i n g  mission d a t a  on graphs f o r  ready r e f e r e n c e ,  

d .  Microfilming t h e  d a t a  p l o t s ,  

e .  Prepar ing  a  ca t a log  o f  t h e  microfi lm r e e l s .  

f .  Del iver ing  t h e  f i n i s h e d  microf i lm t o  t h e  National  
Space Science Data Center.  

1 .3  PROJECT RESULTS 

The ion  mass spec t rometer  on Explorer  X X X I  has  revea led  i n  
g r e a t  d e t a i l  t h e  p r o p e r t i e s  of t h e  tops ide  of  t he  ionosphere i n  t h e  



mass range o f  1 t o  20 m u .  In a d d i t i o n  t o  provid ing  d a t a  on t h e  
composition of t h e  ionosphere,  t h e  mass spectrometer  made a 
c o n t r i b u t i o n  o f  cons iderable  s i g n i f i c a n c e  i n  i n d i c a t i n g  t h e  e x i s t  - 
ence o f  a "polar  wind" of  charged p a r t i c l e s  escaping from Ear th ,  
a phenomenon s i m i l a r  t o  t h a t  of  t h e  escape of " so l a r  windtf p a r t i c l e s  
from t h e  sun .  

Reduction of experiment d a t a  t o  a u se fu l  format makes new 
knowledge a v a i l a b l e  t o  t h e  world-wide s c i e n t i f i c  community. In  
a d d i t i o n  t o  t h e  weal th  of reduced d a t a ,  10 papers  have been yubl i shed  
o r  p re sen ted  t o  i n t e r n a t i o n a l  s c i e n t i f i c  groups,  and a paper  on t h e  
p o l a r  wind i s  being prepared  from t h e  d a t a .  

1 . 3 . 1  DATA AVAILABILITY 

Data from t h e  ion  mass spec t rometer  of  t h e  Explorer  XXXI 
s a t e l l i t e  has  been depos i t ed  i n  t h e  National  Space Science Data 
Center  (NSSDC) i n  t h e  form o f  t h e  SC4020 microfi lm p l o t s .  These 
films a r e  on 48 s t anda rd  microfi lm r e e l s  and a r e  l abe l ed  according 
t o  d a t e  and t ime when t h e  d a t a  were recorded.  Cross r e f e rences  
between r eco rd ing  t imes and r e f i n e d  world maps of  t h e  s a t e l l i t e  
o r b i t  a r e  ava i  lab1  e . 

The NSSDC i s  loca t ed  a t  Goddard Space F l i g h t  Center ,  
Greenbel t ,  Maryland. 

1 .3 .2  PUBLISHED PAPERS 

The fo l lowing  l i s t e d  papers  have been publ i shed ,  based on 
d a t a  recovered a s  a r e s u l t  o f  c o n t r a c t  NSR 44-004-089: 

Hoffman, John H . ,  "Composition measurements of t h e  t o p s i d e  ionosphere,"  
Sc ience ,  - 155, 322-324, 1967, 

Hoffman, John H . ,  "Ion composition measurements i n  t h e  p o l a r  reg ion  
from t h e  Explorer  X X X I  s a t e l l i t e , "  Trans.  Am. Geophys. Union, - 49 ,  
253, 1968. 

Hoffman, John H . ,  "Ion' mass spec t rometer  on t h e  Explorer  X X X I  s a t e l l i t e , "  
Proceedings of  IEEE, - 57,  June, 1969. 

Donley, J .  L . ,  L'. H.  Brace, J .  H. Hoffman, G .  L .  \qrenn,"Comparison of  
r e s u l t s  of Explorer  X X X I  d i r e c t  measurement probes ,"  Proceedings of 
I E E E ,  57,  June ,  1969. - -  



Hoffman, J .  H . ,  C .  Y .  Johnson, J .  C .  Holmes, J . 'M.  Young, "Daytime 
mid - l a t i t ude  ion  composition measurements," Trans .  Am. Geophys, 
Union, 50, 259, 1969; J .  Geophys. Res. 74 ,  6281, 1969 (Presented 
a t  1 2 t h P l e n a r y  Meeting of  COSPAR, p r a g Z ,  May 1969) . 

Hoffman, J .  H . ,  l'Measurements o f  t h e  Mass 8 ion  i n  t h e  t o p s i d e  
ionosphe re j r l  Trans .  Am Geophys. Union, - 50, 259, 1969. 

Hoffman, J.  H ,  , "Mass Spectrometer measurements o f  i onosphe r i c  
composition," proceedings o f  t h e  I n t e r n a t i o n a l  Conference 
of  Mass Spectroscopy,  Kyoto, Japan,  September, 1969. 

Hoffman, J .  H . ,  "Studies of t h e  composition of  t h e  ionosphere wi th  a 
magnetic d e f l e c t i o n  mass spec t rometer , "  Presented a t  Space 
Technology and Heat Transfer  Conference, ASFIE, 70-Av/SpT-4, 
Los Angeles,  June,  1970, 

Hoffman, J .  H . ,  "Polar wind measurements," Presented  a t  52nd Annual 
AGU Meeting, Washington, D .  C . ,  Apr i l ,  1971. 

Hoffman, J. H . ,  "Exospheric composition," McGraw-Hill Yearbook of 
Science and Technology, 111, 1968. 



SECTION 2 

DATA PROCESSING 

DATA COLLECTION 

Data from t h e  ion  mass spectrometer  was c o l l e c t e d  f o r  over 
two yea r s .  Raw t e l eme t ry  d a t a  was processed by Goddard Space F l i g h t  
Center  i n t o  250 Experiment Input  Tapes t h a t  were furn ished  t o  
The Un ive r s i t y  of  Texas a t  Da l l a s .  Figure 2 - 1  i l l u s t r a t e s  t h e  d a t a  
p roces s ing  sequence. 

PRINTED 
READOUT 

MlCROrlLM 

- Figure 2-1. Data Processing Sequence 

Telemetry d a t a  was taken  from STRIPS decommutated t a p e s .  
1n - i t i a l  p roces s ing  of t e l eme t ry  d a t a  was done a t  t h e  Goddard Space 
F l i g h t  Center us ing  a  s p e c i a l  program f o r  t h e  UNIVAC 1107 which was 
w r i t t e n  f o r  t h e  ion  mass spectrometer  experiment.  A s m a r y  o f  this 
program i s  a s  fo l lows ,  and f i g u r e  2-2 i l l u s t r a t e s  t h e  primary l o g i c  
flow: 

Program execut ion  begins with t h e  main r o u t i n e  
which sends c o n t r o l  cards  t o  determine t h e  number of  
r e e l s  and f i l e s  t o  be processed .  Sense swi tches  a r e  
checked t o  determine whether op t iona l  forms of  ou tput  
a r e  des i r ed .  

The header  r eco rd  of  t h e  f i rst  f i l e  t o  be pro-  
cessed  i s  r ead ,  and pas s  i d e n t i f i c a t i o n  i s  e x t r a c t e d .  
The d a t a  records  a r e  searched  f o r  t h e  f i rs t  c a l i b r a t i o n  
cyc le ,  and c a l i b r a t i o n  c o e f f i c i e n e  a r e  c a l c u l a t e d .  The 
t a p e  i s  then  backspaced t o  t h e  s t a r t  o f  t h e  f i l e .  



A d a t a  r eco rd  is  read  i n t o  t h e  core  and t h e  records  
a r e  unpacked by a S l eu th  I1 r o u t i n e  and s t o r e d .  Tne 
d a t a  i s  searched  f o r  a recharge  t o  de f ine  a sweep s t a r t .  
If a sweep i s  no t  found, t h e  next  r eco rd  i s  searched .  

When a sweep p e r i o d  i s  def ined ,  t h e  d a t a  p o i n t s  a r e  
loaded i n t o  a two-dimensional a r r a y ,  t h e  second. column 
of  which i s  t h e  d a t a  t o  be  searched ,  t h e  f i rst  column i s  
a d a t a  p o i n t  count i n  t he  sweep. 

The sweep of d a t a  i s  examined f o r  peaks,  v a l i d  peaks 
a r e  s c a l e d  t o  i on  c u r r e n t s ,  t h e  s p a c e c r a f t  a t t i t u d e  i s  . 
i n t e r p o l a t e d  f o r  t h e  t ime o f  t h e  peak. 

When a sweep search  has been completed, a mass 
p o s i t i o n  de termina t ion  sub rou t ine  i s  c a l l e d  t o  determine 
t h e  p o s i t i o n  o f  t h e  ion  masses using key peaks. 

The peaks a r e  t hen  s o r t e d  i n t o  ion  masses, ad jus t ed  
by an ins t rument  m u l t i p l i c a t i o n  f a c t o r  and converted t o  
d e n s i t i e s .  

The peaks occurr ing  i n  t h e  sweep p e r i o d  a r e  then  
output  t o  t h e  drum and on - l ine  p r i n t e r  ( i f  s e l e c t e d ) .  

The next  sweep i s  then  unpacked i n t o  t h e  two 
dimensi6nal a r r a y  and searched .  This process  cont inues  
t o  t h e  end of  t h e  f i l e .  

Simultaneously wi th  t h e  spec t rometer  sweep d a t a  
p roces s ing ,  t h e  t o t a l  ion  c o l l e c t i o n  p l a t e  d a t a  o f  a 
subcommutated word i s  unpacked, ca lTbra ted  and s c a l e d  

. t o  i on  d e n s i t y .  

Housekeeping i s  performed t o  compensate f o r '  sweeps 
extending i n t o  t h e  next  r eco rd ,  c a l i b r a t i o n  cyc les  during 
sweeps, e t c .  A s  c a l i b r a t i o n s  occur ,  they  a r e  d e t e c t e d  
and new c o e f f i c i e n t s  determined. 

The ion  d e n s i t i e s  o f  t e n  masses a r e  p l o t t e d  on t h e  
SC4020 p l o t t e r ,  each p l o t  conta in ing  two minutes o f  d a t a .  

Successive f i l e s  and t a p e s  a r e  .processed according 
t o  t h e  parameters  i npu t  on ca rds .  



Determine No. of reels  and files to prncess. 

Determing output type. 

Position tapc to proper file, evtract header 
record infornialion. search for calil~ration. 

Read a data record 

Ilnpack data. 

Determine sxxfeep start.  

Load a sxveep. 

Dater~ninc pealis, scale to em-rent, interpolate 
attitude, identifs mass, output 3s  rectuested. 

Figure 2-2. Experiment Input Tape Flow Diagram 



2 . 2  PROCESSING EQUIPMENT 

Primary process ing  equipment used on NASA Contract  NSR 44,004-089 
was an IBM 360/50 and a  Stromberg-Carlson SC4020 Film P l o t t e r .  I t  will 
be  noted  t h a t  t h e  SC4020 Film P l o t t e r  has  been acqui red  by Datagraphics ,  
Inc .  and r edes igna ted  a s  t h e i r  model SD4020. The Stromberg-Carlson 
des igna t ion  has been used throughout t h i s  r e p o r t  t o  be c o n s i s t e n t  w i t h  
e a r l i e r  documentation. 

2 . 3  UTD COMPUTER PROGRAM 

Af te r  a  smal l  number of  t a p e s  were processed  a t  GSFC, t h e  data 
r educ t ion  ope ra t ion  was moved t o  UTD. A program f o r  t h e  UTD IBM 360/50 
was w r i t t e n  t o  reduce t h e  d a t a  on t h e  Experiment Input  Tapes supp l i ed  
by GSFC. Figures  2-3 and 2-4 i l l u s t r a t e  t h e  primary a reas  o f  t h e  
procedure.  

(TI , , , Q 
TAPE FROM GODDARD CENTER 

, , I PROCESSlNG 
FOR 

EXPLORER 31 1 - IT1 

L.0 $57 OUTPUT 

OUTPUT 
PRINT 

PRINT 
VIEWER 

Figure 2 - 3 .  Explorer X X X I  Date Processing Procedure 

The program f irst  searches  t h e  input  t a p e  f o r  a m p l i f i e r  c a l l -  
b r a t i o n  d a t a  which i s  used t o  compute t h e  c o e f f i c i e n t s  o f  a  conversion 
equat ion  which c a l c u l a t e s  ion  c u r r e n t s  from t h e  peak ampli tude.  Next, 
t h e  program f i n d s  t h e  p o s i t i o n  and amplitude of each peak i n  t h e  
spectrum, i d e n t i f i e s  each peak by mass number and by applying appro- 
p r i a t e  c o r r e c t i o n  f a c t o r s  c a l c u l a t e s  t h e  abso lu t e  concen t r a t ion  of 
each ion  s p e c i e s  observed. 



Output o f  t h e  program i s  i n  t h r e e  formats .  First ,  a  s i n g l e  
page monitor  of  t h e  d a t a  from each f i l e  on t h e  t a p e  (one f i l e  i s  
equ iva l en t  t o  one s a t e l l i t e  pas s  over  a  r ece iv ing  s t a t i o n )  i s  p r i n t e d  
out l i s t i n g  sweep number, i on  peak ampli tude,  i on  concen t r a t ion ,  mass 
number i d e n t i f i c a t i o n  and angle of  a t t a c k  a s  a  func t ion  o f  t ime.  Also ,  
o r b i t a l  d a t a  a r e  l i s t e d  every e i g h t  seconds. This page se rves  a s  a 
check o r  q u a l i t y  c o n t r o l  on t h e  d a t a  process ing  ope ra t ion .  

The second output  i s  a  BCD d a t a  t a p e  con ta in ing  t h e  same 
informat ion  as t h e  s i n g l e  page moni tor ,  The format i s  a l s o  i d e n t i c a l  
bu t  t h i s  t ape  con ta ins  a l l  o f  t h e  d a t a  from a g iven  p a s s .  The d a t a  
a r e  s t o r e d  on t h e  BCD t a p e s  a s  a  convenient i n t e r i m  s t o r a g e  format 
from which ana lyses  may be  performed. In t h i s  form t h e  d a t a  may be  
convenient ly s o r t e d  and p l o t t e d  a s  a  func t ion  o f  any of t h e  parameters  
l i s t e d  on t h e  t a p e ,  such a s  t ime,  a l t i t u d e ,  l a t i t u d e ,  l o c a l  t ime,  e t c ,  
L i s t i n g  o f  t h e  d a t a  on t h e  BCD t a p e  i s  a  s imple ,  f a s t ,  d i r e c t  1-0 
ope ra t ion  on t h e  computer. 

The t h i r d  output  from t h e  d a t a  process ing  program i s  an 
Stromberg-Carlson SC4020 p l o t  t a p e ,  which, when p l o t t e d  on t h e  
SC4020 p l o t t e r ,  produces microfi lm p l o t s  of t h e  concen t r a t ion  of 
each ion  spec i e s  a s  a  func t ion  o f  t ime.  Each graph con ta ins  120 
s e c  o f  d a t a  and a  normal complete pas s  w i l l  produce f i v e  graphs .  
These microfi lm graphs a r e  t h e  most u s e f u l  format i n  which t h e  
d a t a  could be  s t o r e d ,  f o r  t hey  c l e a r l y  show t h e  r o l l  modulation 
e f f e c t  and con ta in  abso lu t e  concent ra t ions  of each i o n  s p e c i e s .  



I. Get t h r e e  t a p e s .  
A. I n p u t  (BINARY from Goddard Cen te r )  
B. BCDgUT PUT (Scra tch  new t a p e )  
C .  PLOT GUTPUT 

UNIT 
180  - 

11. S e t t i n g  up j o b  f o r  t h e  run.  
JCL - 
I n  ~ F ~ 0 9 F 0 0 1 "  change "v@LU~E=SER=XXXXXX~', which is  t h e  c u r r e n t  i n p u t  

t a p e  number. 
I n  "FT15F001" change "LABEL" pa ramete r  where f i l e  number shou ld  b e  p u t  

i n  sequence. 

Example: 

//G..F~15F001 DD ....,,.....,....., tABEL=(E,BLP), ..... 
//G.FT15F002 DD .....,.....,....., LABEL=(E,BLP), ..... 

e t c .  

I n  "FT10~001" change "V0LUklE=SER=,YXXXXX1', which i s  t h e  c u r r e n t  p l o t  
t a p e  number. . . 

. . Card Sequence 

1 * 2(E10.3) FORMAT 
It c o n t a i n s  t h e  1st and l a s t  s c a l i n g  l a b e l s  of p l o t .  

2 * t h rough  11 
There  a r e  1 0  c a r d s  c o n t a i n i n g  AINTER and ASLOPE f o r  1 0  d i f f e r e n t  masses ,  

** * 
1 2  It c o n t a i n s  I Y K  , IPQSC*, LIMH w i t h  3(15) FOPJlhT 

13 t h r o u r h  22 
~ h e s e - a r e  t h e  I D  In fc  

T h i s  is  a r u n  number. 

1 4  : B M K  CARD 

, Figure 2-4. Data Processing Sequence 

Sheet 1 of 2 



16: BY 

17 : J H  HflFFblrZN 

1.8 : PROGM~DIED 

22: BLANK CARD 

23%" Card on Down. 
Cont ro l  ca rds  which i n d i c a t e  which f i l e s  a r e  t o  b e  processed. 
(FGRMT (3(15))) 

1 15 0 
1 23 0 

This  i s  t h e  l a s t  card.  

Col. Col. Col. 

The q u a n t i t i e s  i n  Colunin 5 and Column 15 a r e  no t  t o  be changed. 
The q u a n t i t y  i n  Column 9 and 10 i n d i c a t e  t h e  f i l e s  t o  be  processed.  

Note: * This  information can be  changed by D r .  11offmatl's i n s t r u c t i o n s  

** T h i s  information' can be changed whenever i t  is  necessary 
according t o  tape informations t o  be  processed. 

Figure 2-4. Data Processing Sequence 
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SECTION 3 

DATA SUbMARY 

3.1 GENERAL 

I t  has  been found from the  Explorer  XXXI d a t a  t h a t  below + 
1000 km 0 i s  t h e  dominant i on  spec i e s  i n  t h e  ionosphere (Fig. 3 - I ) ,  
N+ v a r i e s  from 5 t o  30 percent  of t h e  0' and H+ i s  g e n e r a l l y  a 
minor c o n s t i t u e n t ,  occas iona l ly  a s  low a s  5 'percent  of  t h e  O f .  

AL I1 

VERTICbL 
PROFILE 

AUG. 15.1966 BPO. 3077 

ion Concentrotlon 

FIGURE 3-1. Typica l  low-a l t i tude  d a t a  showing i o n  
concen t r a t ion  ve r sus  a l t i t u d e  and l a t i t u d e .  Ten 
d i f f e r e n t  i o n  s p e c i e s  a r e  observed, A loue t t e  I1 
e l e c t r o n  concent ra t ions  a r e  a l s o  given. 

L A 1  - ALT - 
KM 

Above about 2000 km a t  mid t o  low l a t i t u d e s ,  t h e  ionosphere 
g e n e r a l . 1 ~  c o n s i s t s  of t h e  o r d e r  o f  99 percent  H + ,  t h e  remainder be ing  
He+, D+, and 8". The crossover  a l t i t u d e  between 0' and HC is  q u i t e  
v a r i a b l e ,  being a func t ion  of  s e v e r a l  parameters .  He+ i s  a very  minor 
c o n s t i t u e n t  a t  a l l  a l t i t u d e s  be ing  o f  t he  o r d e r  o f  a few pe rcen t  t o  
l e s s  than  1 pe rcen t .  

18352 ' I 

a? 35"N 
.. 

Ten d i f f e r e n t  i on  spec i e s  have been observed between 1 t o  20 
amu a t  1 (H+) , 2 (D') , 4 (He'), 7 ( N f + )  , 8 (0+* o r  He2+), 14 (N+) , 15 (NI5') , 
16 (0+)  , 18 (H20t o r  Ol8+) , and 20 (Nei) amu (1) A l l  except  mass 15 are 
shown i n  Figure 3-1. The s e n s i t i v i t y  of t h e  Explorer  XXXI mass s p e c t r o -  
meter  t o  H+ i ons  i s  of t h e  o rde r  o f  0 .3 /cc  and t o  OC i ons  of t h e  o r d e r  
o f  10/cc,  

'underlined numbers i n  parentheses  des igna te  r e f e r e n c e s  a t  t h e  end 
of Sec t ion  3,  



3.2 MASS 7 and 8 AMU 

An ion  peak a t  mass 8 amu i s  f r e q u e n t l y  observed i n  t h e  
d a t a ,  always a t  low a l t i t u d e s  and no t  i n f r e q u e n t l y  above 2000 km, 
In reg ions  where 0' i s  t h e  dominant c o n s t i t u e n t ,  t h e  mass S i on  i s  
i d e n t i f i e d  a s  o", formed by pho to ion iza t ion  o f  O + .  Its r e l a t i v e  
abundance i s  of t h e  o rde r  o f  a  fevi+x of t h e  O + .  Likewise, a 
peak a t  mass 7 i s  i d e n t i f i e d  a s  N . These a r e  t h e  f i r s t  d a t a  i n  
which t h e  doubly charged c o n s t i t u e n t s  have been observed. From 
2200 t o  3000 km, t h e  mass 8 ion  d i s t r i b u t i o n ,  a t  a  concen t r a t ion  
o f  t h e  o rde r  of l / c c ,  f avo r s  t h e  southern  hemisphere i n  January and 
February, whereas i n  J u l y  and August, it is  more equa l ly  d i s t r i b u t e d ,  
0' is found above 2200 km only i n  t h e  summer no r the rn  hemisphere and, 
t h e n ,  almost always above 50 deg N geomagnetic l a t i t u d e .  On t h e  
o t h e r  hand, He+ appears  a t  a l l  t imes i n  both hemispheres.  

3 . 3  DISTRIBUTION OF H" and 0' 

A t  a l t i t u d e s  from 2200 t o  3000 km, t h e  concen t r a t ion  o f  M' 
and 0+, a s  a  func t ion  of geomagnetic l a t i t u d e  and season ,  a r e  shown 
i n  F igures  3-2 and 3-3, r e s p e c t i v e l y .  In t h e  l o c a l  summer, t h e  
concen t r a t ion  o f  H+ decreases  ab rup t ly  a t  about 60 deg. and t h e  
concent ra t ion  o f  0' r i s e s  correspondingly making 0' t h e  dominant 
ion  s p e c i e s .  0' is  seldom observed a t  t h e s e  a l t i t u d e s  except  i n  
t h e  reg ions  around 60 deg and northward. These reg ions  o f  O+ 
dominance a r e  n o t  p a r t i c u l a r l y  s t r u c t u r e d  i n  t h e  summer, b u t  t h e  
t o t a l  i o n  concent ra t ion  i s  almost two o rde r s  o f  magnitude below 
t h a t  a t  lower l a t i t u d e s  where Hf i s  t h e  dominant spec i e s .  - 

I 
-30' 0' 30' 60' 

MAGNETIC LATITUDE 

Figure  3-2 - D i s t r i b u t i o n  of H' i ons  
above 2200 km a s  a func t ion  of 
geomagnetic l a t i t u d e  and season 
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Figure 3-3. D i s t r i b u t i o n  of 0' i ons  
above 2200 la a s  a  func t ion  of 
geomagnetic l a t i t u d e  and season 
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In  t h e  win te r  p o l a r  r eg ion  above 2500 km, 0' has  a l s o  been 
observed t o  become t h e  dominant ion  c o n s t i t u e n t  i n  a  h i g h l y  s t r u c t u r e d  
narrow reg ion  between 75 and 85 deg N geomagnetic l a t i t u d e .  Figure 3 -4  
shows such a s i t u a t i o n .  The H+ concent ra t ion  e x h i b i t s  1 t o  2 o rde r s  
of magnitude t rough a t  70 deg N geomagnetic l a t i t u d e ,  whereas t h e  0" 
reg ion  l i e s  t o  t he  n o r t h ,  b u t  no t  t o  t h e  sou th ,  o f  t h e  t rough.  There 
i s  evidence from t h e  phase d i f f e r e n c e  of t h e  maxima i n  t h e  r o l l  modulation 
curves (Figufe 3 -5 ) . i n  t h i s  s t r u c t u r e d  reg ion  and i n  t h e  summertime 
reg ions  o f  0 dominance, t h a t  Hf ions  a r e  flowing upward with a v e l o c i t y  
o f  10 t o  15 km/sec. This  is t h e  f i r s t  experimental  evidence f o r  t h e  
p o l a r  wind (2) .  - 

GEOMAGNETIC LATITUDE 

Figure  3-4. Ion  concen t r a t ions  ve r sus  F igure  3-5. Ion  concen t r a t ion  
geomagnetic l a t i t u d e  f o r  no r the rn  p o l a r  ve r sus  t ime showing phase differ- 

< reg ion .  X ' s  a r e  A loue t t e  I1 d a t a  ence i n  t h e  r o l l  modulation maxima 
reduced by s t anda rd  method. 0 ' s  a r e  og H+ and of 
Aloue t t e  I1 d a t a  by Hagg method. I n  
reg ion  around 80 t o  85 deg N ,  H' i ons  
have an upward d r i f t  v e l o c i t y  of 10 t o  
1 5  km/sec. N+ i s  a l s o  observed a t  
concen t r a t ion  of 6 percent  of of, (not 
shown i n  f i g u r e )  



3 . 4  ALTITUDE PROFILE 

An Argo ( J a v e l i n )  rocke t '  was launched from Wallops I s l a n d ,  
V i r g i n i a  a t  1828 GMT, August 15 ,  1966, t o  rendezvous with a  pass  
o f  t h e  Explorer  XXXI and Alouet te  I1 s a t e l l i t e s .  I d e n t i c a l  mag- 
n e t i c  mass spec t rometers  on t h e  rocke t  and Explorer  XXXI s a t e l l i t e  
measured t h e  composition o f  t h e  ionosphere,  whi le  t h e  Alouet te  I1 
tops ide  sounder provided e l e c t r o n  d e n s i t y  p r o f i l e s .  

Data were obta ined  on t h e  rocket  f l i g h t  from 425 km on t h e  
up-leg t o  t h e  peak o f  f l i g h t ,  723 km, and down t o  130 km on t h e  descent. 
Figure 3-6 shows a  p l o t  of  t h e  concent ra t ions  of  each ion  s p e c i e s  a s  
a  func t ion  of rocke t  a l t i t u d e  wi th  t h e  d i r e c t i o n  of  t h e  arrows 
i n d i c a t i n g  up-or-down-leg of t h e  f l i g h t .  The s o l i d  curve t o  t h e  
r i g h t  i n  t h e  f i g u r e  shows t h e  e l e c t r o n  d e n s i t y  measured by t h e  
Alouet te  I1 Topside Sounder (3) matched t o  t h e  Wallops I s l a n d  
Ionosonde (4) d a t a  taken a t  tI;k t ime of f l i g h t  o f  t h e  r o c k e t .  - 

AUG. 15,1966 
1834 Z PEdK /VT 
WALLOPS IS. VA I 

F igure  3-6. Ion  concen t r a t ion  a s  a  func t ion  of a l t i t u d e  
show+-ng both  t h e  rocke t  d a t a  ( s o l i d  l i n e s )  and t h e  
s a t e l l i t e  d a t a  (broken L ines ) .  X's r e f e r  t o  t h e  s a t e l l i t e  
d a t a  a t  t he  p o i n t  of i n t e r s e c t i o n  of t h e  two t r a j e c t o r i e s .  
The Aloue t t e  I1 e l e c t r o n  d e n s i t y  from t h e  tops ide  sounder 
experiment i s  matched t o  t h e  wallops I s l a n d  ionosonde d a t a  
a t  t h e  F2 maximum 



The Explorer  X X X I  i on  composition r e s u l t s ,  p l o t t e d  a s  
a  func t ion  of  h e i g h t ,  a r e  shown a t  t h e  t o p . o f  Figure 3-6 a s  dashed 
l i n e s .  The .X's a r e  t h e  va lues  a t  t h e  i n t e r s e c t i o n  o f . t h e  rocke t  
and s a t e l l i t e  t r a j e c t o r i e s .  

The 0' p r o f i l e  fol lows t h e  Alouet te  I 1  N(h) p r o f i l e  reason-  
ab ly  w e l l .  0' is  by f a r  t h e  dominant c o n s t i t u e n t ,  being 94.2 percent  
( i nc lud ing  2 .8  pe rcen t  H20e) of  t h e  t o t a l  ion  concen t r a t ion  a t  700 km 

N+ i s  next  a t  4 . 1  p e r c e n t ,  and H + ,  being a  very  minor c o n s t i t u e n t ,  
even a t  t h e  s a t e l l i t e  a l t i t u d e ,  i n d i c a t e s  t h a t  i t s  crossover  with 
0" l i e s  we l l  above 1000 km. A mass 8 ion  is  observed throughout 
t h e  rocke t  d a t a  and i s  i d e n t i f i e d  a s  o+*. I ts s c a l e  h e i g h t  is  very 
l a r g e  ( a c t u a l l y  it i s  nega t ive  b u t  could be i n f i n i t e  w i th in  t h e  
experimental  e r r o r )  i n d i c a t i n g  a  doubly charged c o n s t i t u e n t  of  h a l f  
t h e  mean ion  mass. I t  is  u n l i k e l y  t h a t  t h e  mass 8 i s  He2', s i n c e  
i t s  concen t r a t ion  i s  g r e a t e r  than  t h a t  o f  ~ e + ,  The very low ~ e '  
concen t r a t ion  shown h e r e ,  0.15 p e r c e n t ,  i s  t y p i c a l  of t h e  He' va lues  
observed by t h e  Explorer  X X X I  s a t e l l i t e  i n  mid - l a t i t ude  r eg ions .  

The molecular  i o n  c o n s t i t u e n t s ,  NOt,  02+,  and N2+ a l l  have 
maximwn concen t r a t ion  below t h e  F maximum. There is  a  s ~ g n i f i c a n t  
change of s lope  i n  t h e  NO' and 02' a t  about 350 km, b u t  no t  i n  t h e  
N2+ d a t a .  The d a t a  p o i n t s  below 200 km a r e  s u b j e c t  t o  g r e a t e r  
u n c e r t a i n t i e s  than  those  a t  h ighe r  a l t i t u d e s  due t o  t h e  increased  
rocke t  v e l o c i t y  and correspondingly g r e a t e r  r o l l  modulation of  t h e  
ion  peak ampl i tudes ,  The rocke t  i s  a l s o  tumbling and,  t heye fo re ,  
y i e l d s  r e l a t i v e l y  few p o i n t s  when t h e  angle  o f  a t t a c k  i s  s u f f i c i e n t l y  
smal l  t o  enable  a  r o l l  modulation c o r r e c t i o n  t o  be made. The r e s u l t  
i s  t h a t  t h e  a l t i t u d e  of  t h e  maxima o f  t h e  molecular  c o n s t i t u e n t s  may 
be  i n  e r r o r  by up t o  30 km. 

3.5 COMPARISON OF RESULTS WITH OTHER EXPERIMENTS 

An important  o b j e c t i v e  of  t h i s  mission was t h e  s imul tane-  
ous measurement o f  ionospher ic  parameters  by d i r e c t  measurement probes  
and e l e c t r o n  d e n s i t y  p r o v i l e s  measured by t h e  tops ide  sounder experiment 

' on Alouet te  I1 and r epor t ed  by Donley, e t  a l  (5) .  The c l o s e  proximity 
o f  t h e  two s a t e l l i t e s  provided an e x c e l l e n t  oppor tuni ty  f o r  such 
s imultaneous d a t a  coverage f o r  s e v e r a l  months a f t e r  launch.  The orbital 
s e p a r a t i o n  was about 105 seconds (about 800 km) two months a f t e r  laurich. 

Explorer  X X X I  was instrumented with d i r e c t  measurement probes 
which provided measurements of t h e  major ionospher ic  parameters  th rough  
d i f f e r e n t  techniques .  The experiment complement, measured parameters  
p e r t i n e n t  t o  t h e  comparison, nominal d a t a  accu rac i e s ,  and p r i n c i p a l  
i n v e s t i g a t o r s  a r e  a s  fo l lows  : 



a .  P lanar  i on  t r a p  - i on  dens i ty  ( + l o  p e r c e n t ) ,  tempera.ture 
(+150°K), and composition; J .  L .  Donley. 

b .  P lanar  e l e c t r o n  t r a p  - e l e c t r o n  d e n s i t y  (420 pe rcen t )  
and temperature (+200°K) ; J .  L. Donley. 

c. Cy l ind r i ca l  e l e c t r o s t a t i c  probes - e l e c t r o n  d e n s i t y  
( ~ 1 0  pe rcen t )  and temperature (+150°K) ; L. H.  Brace and J .  A. F indlay ,  

d. Magnetic ion  mass spec t rometer  - i on  d e n s i t y  (+ lo  pe rcen t )  
and composition; J .  H. Hoffman. 

e .  P lanar  Langmuir p l a t e  - electr .on temperature (tlOO°K); 
A. P. lJillmore and G .  L. Wrenn, 

f .  Sphe r i ca l  i o n  probe - ion  d e n s i t y  (+2 p e r c e n t ) ,  temperature 
(+200°K), - and composition; A .  P. Willmore and G . - L .  Wrenn. 

3 .5 .1  COMPARISON PASSES 

For t h e  purpose of  d a t a  intercomparison and passes  l i s t e d  i n  
Table 3-1 were s e l e c t e d  f o r  d e t a i l e d  s tudy .  These passes  were s e l e c t e d  
on t h e  b a s i s  t h a t  a l l  experiments were ope ra t ing  s a t i s f a c t o r i l y  and 
good a spec t  d a t a  and s imultaneous Aiouet te  I1 sounder d a t a  were a v a i l -  
a b l e .  For t h e  bas ses  s e l e c t e d  t h e  maximum i n - o r b i t  s p e a r a t i o n  time 
of t h e  s a t e l l i t e  was l e s s  than  105 seconds,  and r eg ions  of  r a p i d l y  
varying ionosphe r i c  condi t ions  have been avoided. A wide v a r i t y  o f  
geographic l o c a t i o n s  and plasma dens i ty  condi t ions  a r e  covered. The 
s p a c e c r a f t  was i n  s u n l i g h t  f o r  a l l  pa s ses .  The no r the rn  a u r o r a l  regions, 
which r ep resen t  a l a r g e  pe rcen t  of  d a t a  coverage, have been excluded 
from t h i s  i n i t i a l  cornparision s tudy  s i n c e  such passes  were a t  apogee 
a l t i t u d e s  and consequent ly very  low plasma d e n s i t i e s  (about 102/cc)  
which a r e  below t h e  s e n s i t i v i t y  t h r e s h o l d  o f  some experiments were 
encountered.  

Table 3-1. Details of Comparison Passes 

-- - - --- - --- - -- - - - -- - 

Unive~sal T ~ m e  Height f im) Latitude (Degrees) Longlt~tic (13cgrc~\) 
Station Pass Date -- - A 

Start End Start End Start End St'nrl Lnd 

Kano (KNO) 368 30DCC65 0449 0458 1555' 2120 2.2 27.7 12 3 15 0 
Or1 oral (RAL) 546 14JAN66 063 1 0638 709 538 -26.1 -53.1 1446 l S l  6 
\i'~nllfield (WNK) 550 14JAN66 141 1 1418 2224 1797 55.5 36.9 9 0 14 6 
Blossom Point 

@Po) 730 29JAN66 1842 1849 1359 935 44.6 21.1 -858  -764 
Santiago (SNT) 730 29JAN66 1900 1905 537 525 -20.9 -46.9 -71 3 -67 6 



3.5.2 DISCUSSION OF COMPARISONS 

The comparison r e s u l t s  p re sen ted  i n  Table 3-2 al though few 
, i n  number a r e  no t  s u f f i c i e n t  f o r  a  s t a t i s t i c a l  s tudy ,  a r e  f e l t  t o  be 
t y p i c a l  o f  t h e  r e s u l t s  from t h e  Explorer  X X X I .  In  t h e  measurement 
of  plasma d e n s i t y ,  e l e c t r o n  temperature and ion  composition, t h e r e  i s  
no s i g n i f i c a n t  s y s t e m a t i c  disagreement between t h e  var ious  probes 
t h a t  cannot be recognized a s  a r i s i n g  from s e n s i t i v i t y  o r  l i m i t i n g  
cons ide ra t ions .  There a r e ,  however, some random disagreements 
which r e q u i r e  a d d i t i o n a l  i n v e s t i g a t i o n .  In gene ra l  plasma d e n s i t y  
r e s u l t s  were w i t h i n  220 pe rcen t  o f  s imultaneous Alouet te  I1 d e n s i t y  
measurements with occas iona l  v a r i a t i o n s  o f  up t o  about 250 p e r c e n t .  
E lec t ron  temperature r e s u l t s  g e n e r a l l y  agreed t o  w i th in  a10 pe rcen t  
with maximum v a r i a t i o n s  o f  up t o  +20 p e r c e n t .  

O f  t h e  probes employed, f o u r  used p l a n a r  flush-mounted 
sensors  ( ion  t r a p ,  e l e c t r o n  t r a p ,  magnetic mass spec t rometer ,  and 
Langmuir p l a t e ) .  The c y l i n d r i c a l  e l e c t r o s t a t i c  probes and t h e  
s p h e r i c a l  i on  probe were mounted on s h o r t  booms about one f o o t  
from t h e  s a t e l l i t e  s u r f a c e .  This  i n d i c a t e s  t h a t  c o r r e c t  plasma 
d i agnos t i c s  can be  achieved f o r  f l u s h  senso r s  ope ra t ing  wi th in  t h e  
s a t e l l i t e  shea th .  I t  is t o  be noted ,  however, t h a t  e l e c t r o n  dens i ty  
values from t h e  p l a n a r  Langmuir p l a t e  ( t hese  r e s u l t s  a r e  not  included 
i n  t h i s  paper)  a r e  always a  f a c t o r  o f  from 2  t o  5 lower than  t h e  
c o r r e c t  va lue .  The p l a n a r  e l e c t r o n  t r a p  appears  t o  g ive  reasonable  
r e s u l t s .  The only s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  two p l a n a r  s enso r s  
i s  t h z t  t h e  e l e ~ t r o n  t r a p  employs a  swept s u r f a c e  a r e a  of  about 
55 cm2 while  t h e  Langmuir p l a t e  swept s u r f a c e  a r e a  i s  about 12 cm2. 
This sugges t s  t h a t  s a t e l l i t e  shea th  p e n e t r a t i o n  was no t  adequate ly  
achieved wi th  t h e  s m a l l e r  a r e a .  

Table 3-2. Ion ~omposi tion Results 

hl;lgne~ic Spectrometer 1011 Trap Spherrcal Probe 
Station Pass Time - --- . 

H + l i e+  N + 0 + H ' 0' H" 0 + 

-- -. 

Kano 368 0150 99 I - - .  I00 - 100 - 
0456 99 1 . -  - 100 - E 00 . - 

Orroral 546 0632 5 - 6 89 5 95 6 94 
0636 1 - 6 93 - 100 1 99 

Winkfield 550 1412 78 12 2 '  8 84 16 100 .- 

1417 86 7 I 6 96 4 lo0 -. 

B2ossom Poirit 730 1841 6 I 7 86 7 93 3 9 1 
IS34 23 3 5 69 28 72 29 7 1 
1848 35 3 3 59 36 64 43 57 

Santiago 730 1902 1 - 2 97 - 100 2 98 
1904 1 - 3 96 - 100 2 98 

- 



The gene ra l  agreement i n  e l e c t r o n  d e n s i t y  measurements between 
t h e  Alouet te  I1 sounder ,  c y l i n d r i c a l  probe,  and e l e c t r o n  t r a p  a l s o  
i n d i c a t e s  t h a t  l a r g e  magnetic f i e l d  o r i e n t a t i o n  e f f e c t s  a r e  not  p r e s e n t ,  
The an i s t ropy  noted  i n  e l e c t r o n  temperature measurements could i n d i c a t e  
a  magnetic f i e l d  i n f l u e n c e .  

The only a r e a  of  major disagreement i s  i n  t h e  measurement of 
ion  temperature.  The p l a n a r  i on  t r a p  r e s u l t s  a r e  s i g n i f i c a n t l y  g r e a t e r  
t han  t h e  r e s u l t s  from t h e  boom-mounted s p h e r i c a l  probe.  Although no 
s e r i o u s  c o n f l i c t  occurs  i n  t h e  r e l a t i v e  t r e n d s  observed, it i s  l i k e l y  
t h a t  i n  both cases  t h e r e  a r e  measurement problems which prec lude  abso lu t e  
s i g n i f i c a n c e  f o r  H' i on  tempera ture  r e s u l t s .  A l i m i t e d  comparison of  
t h e  measured i o n  temperatures  with r a d a r  b a c k s c a t t e r  r e s u l t s  has  been 
a t tmpted .  This i n d i c a t e s  t h a t  t h e  s p h e r i c a l  probe r e s u l t s  f o r  0' may 
be somewhat low. No comparison d a t a  a r e  a v a i l a b l e  t o  r e s o l v e  d i sc rep -  
anc i e s  i n  t h e  measured HC tempera tures .  A p o s s i b l e  source o f  e r r o r  
i n  t h e  i o n  t r a p  measurement i s  shea th  curva ture .  The a n a l y s i s  assumes 
a  p l a n a r  s h e a t h ,  Knudsen (6) has  considered such p e r t u r b a t i o n s  t o  ion  
tempera ture  measurements wiyh p l a n a r  t r a p s  and found t h e  r e s u l t a n t  
e r r o r  q u i t e  sma l l .  Addi t iona l  e f f o r t  i s  r equ i r ed  t o  a s s e s s  completely 
t h e  ion  temperature comparisons. 

3 . 6  NEUTRAL HYDROGEN DISTRIBUTION 

I n  t h e  lower reg ion  of  t h e  ionosphere,  Ht and 0' a r e  i n  
chemical equi  ribrium through t h e  we1 1-known charge exchange r e a c t i o n  
(5) 

+ 
Since equat ion  (1) r e p r e s e n t s  bo th  t h e  source  and s i n k  f o r  H , t h e  
s c a l e  h e i g h t  o f  t h e  r a t i o  of n(H4) t o  n  (0') i s  cha rac t e r i zed  by an 
e f f e c t i v e  mass of 15 amu and i s  a  func t ion  of  t h e  n e u t r a l  gas tempera- 
t u r e .  From t h e  observed s c a l e  h e i g h t  o f  53 kml, t h e  temperature o f  
t h e  n e u t r a l  gas  i s  940 K .  I t  i s  assumed t h a t  T  = Ti h e r e .  

g 

From t h e  model of  t h e  n e u t r a l  a tomic oxygen d i s t r i b u t i o n  and 
wi th  t h e  a i d  of  equat ion  (11, t h e  n e u t r a l  hydrogen d i s t r i b u t i o n  can be 
c a l c u l a t e d  f o r  t h e  reg ion  o f  chemical equ i l i b r ium.  The model atmo- 
sphere  of Har r i s  and P r i e s t e r  (1962) a t  .a temperature of  962 deg and 
10.7 cm f l u x  o f  100 x  1 0 ~ ~ 2  W/sq m cps was used f o r  t h e  atomic oxygen 
p r o f i l e  which i s  shown i n  Figure 3-7. The measured oxygen va lues  of  
Krankowsky, Kasprzak, and Nier (7)  - f o r  a  summer daytime rocke t  f l i g h t  



a t  White Sands a r e  given a s  d o t s  i n  t h e  f i g u r e  t o  which the. Har r i s  and 
P r i e s t e r  model n (0 )  was normalized a t  200 km, 'the normal iza t ion  c o n s t a n t  
be ing  0.77.  

CONCENTRATION (PARTICLES/CM 3, 

Figure  3-7. Concent ra t ions  of 0 and H as a  func t ion  of 
reduced a l t i t u d e .  The model n(0)  i s  normalized t o  
a rocke-t measurement ( s e e  t e x t )  a t  200 km. Calcula ted  
n(H) i s  t h e  dashed curve.  Model n(H) i s  normalized t o  
c a l c u l a t e d  va lue  a t  250 km', Normalization f a c t o r  i s  4.6,  

The c a l c u l a t e d  atomic hydrogen d i s t r i b u t i o n  from equat ion  (1) 
and t h e  n(0)  curve i s  then  g iven  a s  t h e  dashed curve i n  Figure 3 - 7 ,  
For comparison, t he  Har r i s  and P r i e s t e r  model hydrogen p r o f i l e  i s  
given a s  t h e  s o l i d  n(H) curve normalized t o  t h e  c a l c u l a t e d  n(H) a t  
250 km', The normal iza t ion  f a c t o r  h e r e  i s  4 .6 .  The c a l c u l a t e d  va lues  
agree  we l l  wi th  t h e  model up t o  450 kmf where t h e  s i g n i f i c a n t  depar t -  
u r e  i n d i c a t e s  t h a t  t h e  H+ i s  no longer  i n  chemical equ i l i b r ium with o* ,  .. 

Krankowsky, e t  a l ,  quote  a  probably accuracy o f  25 percent  
f o r  t h e  atomic oxygen number d e n s i t y ;  t h e  n ( ~ + ) / n ( ~ * )  r a t i o  probable 
accuracy i s  20 p e r c e n t ,  Therefore ,  t h e  n(H). probable accuracy i s  45 
pe rcen t .  

In  comparing t h e  p r e s e n t  r e s u l t s  with those  of o t h e r  mass 
spec t rometer  f l i g h t s  i n  a  s i m i l a r  t ime p e r i o d ,  it i s  seen  t h a t  t h e r e  
is a  d i f f e r e n c e  i n  t h e  n(H*) measurements, t h e  p r e s e n t  r e s u l t  being 
lowest .  The i n - f l i g h t  c a l i b r a t i o n  tends  t o  i n d i c a t e  t h a t  a  mass 
spec t rometer  i s  ove r ly  s e n s i t i v e  t o  l i g h t  mass i ons  compared t o  0' -  



3.7 POLAR WIND 

Sect ion  3 . 3  r e f e r r e d  t o  t h e  f i rs t  experimental  evidence f o r  
t h e  e x i s t e n c e  of  t h e  p o l a r  wind be ing  determined from t h e  d a t a  from 
t h i s  experiment.  The phase s h i f t  between t h e  r o l l  modulation maxima 
f o r  H' and 0' and t h e  usua l  dominance of  0' a r e  d i r e c t  i n d i c a t i o n s  
t h a t  t h e  p o l a r  wind is  f lowing .  Figure 3-8 shows t h e  loca t ions  i n  
t h e  no r the rn  p o l a r  reg ion  where t h e  phase s h i f t  occurs  i n  t h e  summer. 
In  g e n e r a l ,  broad a r e a s  above 62" i n v a r i a n t  l a t i t u d e  e x h i b i t  t h e  
phenomenon. F$gures 3-9 and 3-10 show a  c rossover  between H' 
dominant and 0  becoming dominant a s  t h e  i n v a r i a n t  l a t i t u d e  i n c r e a s e s ,  
There i s  no phase s h i f t  i n  F igure  3-9, b u t  a  s i g n i f i c a n t  phase s h i f t  
i s  ev iden t  above 65" i n  Figure 3-10. Also, t h e  ion  concent ra t ions  

2 a t  t h e  h ighe r  l a t i t u d e s  a r e  below 10 /cm3 which i s  an o r d e r  o f  magnitude 
below t y p i c a l ,  m id - l a t i t ude  va lues .  A d e t a i l e d  look a t  t h e  phase s h i f t s  
between H+ and 0' i s  seen  i n  Figure 3-11. I t  should be noted  t h a t  t he  
magnitude of  t h e  H+ r o l l  modulation is  very l a r g e ,  2 o rde r s  of  magnitude, 
a s  compared with va lues  l e s s  than  5 a s  seen i n  t h e  r igh t -hand s i d e  of 
Figure 3-9. Figure 3-12 shows t h e  phase s h i f t  onse t  on a  magnet ica l ly  
q u i e t  day be ing  r a t h e r  slow where a s  on a  d i s t u r b e d  day (Figure 3-13) 
t he  onse t  i s  ab rup t ,  be ing  accompanied by a  sudden decrease  i n  H+ 
concen t r a t ion  and a corresponding r i s e  i n  oi. 

Figure 3-14 i s  a  his togram of t h e  frequency o f  occurrence 
of t h e  p h a s e - s h i f t ,  0+ dominance a s  a  func t ion  of  L .  A t  L below 4 
t h e r e  i s  l i t t l e  evidence of  a  phase s h i f t  whereas above t h e  va lue  
t h e  phase s h i f t  2s t h e  usua l  cond i t i on ,  a l though a  smal l  number o f  
cases  a r e  observed wi thout  phase s h i f t  a l though O+ i s  s t i l l  t h e  
dominant i on  s p e c i e s  . 

Wintertime d i s t r i b u t i o n  o f  p o l a r  wind a reas  o f  t h e  no r the rn  
p o l a r  reg ion  i s  given i n  F igure  3-15. The onse t  of t he  wind i s  a t  
a  somewhat h i g h e r  l a t i t u d e  than  i n  summer, and i s  concent ra ted  i n  a  
f a i r l y  narrow band a s  i s  evidenced i n  Figure 3-16. The phase s h i f t s  
a r e  g e n e r a l l y  l a r g e r  i n  w i n t e r  i n d i c a t i n g  h i g h e r  H+ v e l o c i t i e s .  

Figure 3-17 i s  a  p l o t  of t h e  e a r t h ' s  magnetic f i e l d  showing 
t h e  reg ion  where t h e  p o l a r  wind ions  flow along open magnetic f i e l d  
l i n e s .  E l e c t r i c  f i e l d s  e s t a b l i s h e d  p a r a l l e l  t o  magnetic f i e l d  l i n e s  

u 

t end  t o  i n c r e a s e  t h e  s c a l e  h e i g h t  of  0+ and a c c e l e r a t e  H+ i ons  along 
t h e  f i e l d  l i n e s  g iv ing  r i s e  t o  t h e  phase s h i f t  phenomenon and t o  t h e  
0' dominance a t  h igh  a l t i t u d e s  (3000 km). Tota l  ion  concen t r a t ion  
i s  decreased due t o  t h e  l e s s e r  s c a l e  he igh t  of  0+ ,  even though it i s  
l a r g e r  t han  a t  m i d - l a t i t u d e s ,  than  H+,  a n d ' t h e  flow of  Hi out of  t h e  
p o l a r  reg ion .  

Theore t i ca l  work on t h e  p o l a r  wind has  been done p r i n c i p a l l y  
by Banks (9), and has  g e n e r a l l y  been a b l e  t o  exp la in  t h e  r e s u l t s  from 
t h e  ~ x p l o r e r  XXXI ion  composition experiment.  



Figure 3-8. Observations of polar wind flow in the  
sumrner polar cap. All avai lable  data i s  shown w i t h  
d i rect ion of s a t e l l i t e  pass indicated by arrow. 
Solid l i n e  indicates  presence of ion flow, while 
the dotted 1 ine indicates  i t s  absence. 
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Figure 3-11. H' - 0' phase sh i f t  de t a i l s .  
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Figure 3-12. Phase sh i f t  onset .  
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Figure 3-13. Ion composition and H' phase s h i f t .  
The p l  asmapause appears a t  61" i nvari en t  1 a t i  tude 
w i t h  increases of the H' flow speed t o  4 km sec-1. 
The escape flow co t inues  within the polar  cap, 
reaching 7 krn sec-r a t  83" .  
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Figure  3-14, Phase s h i f t  histogram. 



F i g u r e  3-15. O b s e r v a t i o n s  of  p o l a r  wind f l o w  
i n  the winter p o l a r  cap .  
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Figure 3-16. Ion composition and H+ flow veloci ty  
measured i n  the polar  cusp. A peak Hf speed of 
19 km sec-1 was noted. 
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Figure 3-17, The different  regions of the magnetosphere, 
In the plasmasphere f i e l d  l ines are closed and, to  a 
large extent,  co-rotate w i t h  the earth.  A t  very high 
la t i tudes the f i e ld  l ines are open to the t a i l  of the 
magnetosphere. Between the plasmapause and open regions 
f i e l d  l ines are closed, b u t  convect around the earth.  
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SECTION 4 

INSTRUMENT DESCRIPTION 

4.1 GENERAL 

The ins t rument  on the  Explorer  XXXI s a t e l l i t e  designed t o  
measure t h e  composition of t h e  e a r t h ' s  ionosphere i s  a  1-1/2-inch 
r a d i u s ,  60-degree s e c t o r  f i e l d  magnetic mass spec t rometer .  I t  scans 
t h e  mass range from 1 t o  20 amu and has  a  s e n s i t i v i t y  t o  H" ions  of  
t h e  o r d e r  o f  one ion  p e r  cm3 and t o  0" ions  of t h e  o r d e r  of t e n  ions  

3 p e r  cm . 
The complete package weighs 11-3/4 pounds and measures 

10-1/2 x 8-1/2 x 6-1/2 i n c h e s .  I t  consumes 1.6 wa t t s  o f  power. 
E lec t ron ic s  modules a r e  housed below t h e  base p l a t e .  F igures  4-1  
through 4-4 i l l u s t r a t e  t h e  phys i ca l  f e a t u r e s  of  t he  ins t rument .  

Figure 4-1 shows t h e  en t rance  a p e r t u r e  [ t o  t h e  l e f t ) ,  t he  
magnet and t h e  e l e c t r o n  m u l t i p l i e r  housing of t h e  mass spec t rometer .  
The en t rance  aper tuye  which looks out  t h e  s i d e  of  t h e  s a t e l l i t e  
normal t o  t h e  s p i n , a x i s ,  c o n s i s t s  o f  a S i n c h  d iameter ,  f ine-wire  
s c reen  followed by an annular  metal  p l a t e .  The sc reen  i s  command- 
a b l e  t o  e i t h e r  s p a c e c r a f t  ground p o t e n t i a l  o r  - 6 V  wi th  r e s p e c t  
t o  t h e  s a t e l l i t ?  s k i n  p o t e n t i a l ,  F i e l d  s t r e n g t h  i n  t h e  gap o f  
t h e  magnet i n  t h e  ana lyze r  s e c t i o n  is 2200 gauss .  A Bendix magnetic 
e l e c t r o n  m u l t i p l i e r ,  ~ 3 0 8 ,  s e rves  a s  t h e  ion  d e t e c t o r .  

4 . 2  OPERATI ON 

The instrument  ope ra t e s  a s  fo l lows:  The e n t i r e  ana lyze r  
tube  and magnet a r e  swept through a  nega t ive  h igh  vo l t age  range 
(-4000 t o  -150 v o l t s )  causing ambient i ons  from t h e  reg ion  i n  t h e  
v i c i n i t y  of t h e  en t r ance  a p e r t u r e  t o  be drawn i n t o  t h e  in t rwnent  
and t o  be sepa ra t ed  i n t o  t h e i r  c o n s t i t u e n t  s p e c i e s  by t h e  magnetic 
ana lyze r .  The sweep pe r iod  f o r  t h e  mass range 1 t o  20 amu i s  3 
seconds. An e l e c t r o n  m u l t i p l i e r  and a  s o l i d  s t a t e  l oga r i t hmic  
e l ec t rome te r  a m p l i f i e r ,  which has  a cu r ren t  s e n s i t i v i t y  range o f  
2 x  10 - l2  t o  1 x amperes f o r  a  vo l t age  output  range of  0  t o  5 
v o l t s ,  comprise t h e  output  c i r c u i t r y .  Rise and f a l l  t imes o f  t h e  
ampl i f i e r  a r e  of t h e  o rde r  of 5 ms. The output  vo l t age  o f  t he  log  
a m p l i f i e r  p l u s  a  monitor o f  t h e  high vol tage  sweep a r e  te lemetered  
t o  Ea r th .  An i n t e r n a l  c a l i b r a t o r  i n  t he  log  a m p l i f i e r  s u p p l i e s  
c u r r e n t s  of 10-11, lo-', ampere t o  tlie a m p l i f i e r  i npu t  once 
each 100 seconds of  ope ra t ion .  The r e s u l t i n g  output  vo l t ages  a r e  
used t o  genera te  cons t an t s  i n  t h e  c a l i b r a t i o n  equat ion  t h a t  r e l a t e s  
v o l t s ,  t h e  output  of t h e  log a m p l i f i e r ,  t o  i npu t  c u r r e n t .  These 
cons t an t s  a r e  updated a t  each c a l i b r a t i o n  cyc le .  



Figure 4-1. Ion Mass Spectrometer 

Figure 4-2. Analyzer Assembly 
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Figure 4-3. Electronics Unit 

Figure 4-4. Bottom View 
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Figure  4-5 shows a sample analog t e l eme t ry  r eco rd  wi th  t h e  
sweep vo l t age  on t h e  t o p  channel and t h e  mass spectrum below. The 
p o s i t i o n  o f  a  peak i n  t h e  spectrum determines t h e  ion  s p e c i e s  being 
measured. The amplitude of  t h e  peak i s  p r o p o r t i o n a l  t o  t h e  logari thm 
of  t h e  i o n  c u r r e n t  d e t e c t e d  by t h e  e l e c t r o n  m u l t i p l i e r  f o r  t h e  ion  s p e c i e s ,  
This i o n  cu r r en t  i s  a  func t ion  of  t h e  concen t r a t ion  o f  t h a t  spec i e s  i n  
t h e  v i c i n i t y  o f  t h e  en t r ance  a p e r t u r e  o f  t h e  mass spec t rometer .  However, 
t h e  concen t r a t ion  of i ons  i n  t h i s  reg ion  i s  dependent on t h e  s a t e l l i t e  
a t t i t u d e ,  v e l o c i t y ,  and p o t e n t i a l  and has a  complex r e l a t i o n  t o  t h e  
ambient i on  concen t r a t ion .  An i n - f l i g h t  c a l i b r a t i o n ,  which i s  descr ibed  
below, is  necessary  t o  o b t a i n  abso lu t e  i on  concen t r a t ions .  

Figure 4- 5, Portion of analog telemeter record. 
Upper channel i s  sweep monitor. Lower channel 
is  mass spectrum. Downward b l ips  a r e  markers t o  
show recharge of high-vol tage sweep c i r c u i t .  Ion 
peaks a r e  labeled in atomic mass units. Internal  
3-point ampl i f ier  ca l ib ra t ion  operates every 100 
seconds. 

Shown i n  Figure 4-5 a r e  t y p i c a l  d a t a  o f  a  pas s  taken  nea r  
pe r igee  (500 km), x i t h  peaks due t o  i ons  of hydrogen (1  amu), deu te r iun  
(2 m u ) ,  helium (4 arnu), doubly charged n i t r o g e n  (7  m u ) ,  doubly charged 
oxygen (8 amu) , n i t r o g e n  (14 amu) , oxygen (16 m u ) ,  water  vapor o r  018 
(18 amu) and neon (20 amu) a r e  observed i n  t h e  ram p o s i t i o n .  For t h e  
f i rst  two months of  l i f e  of  t h e  s a t e l l i t e  t h e  mass 18 peak was p r i n c i p a l l y  
due t o  water  vpaor .  The amplitude g radua l ly  decreased whi le  t h e  r o l l  
modulation Qdescr ibed  below) inc reased  leaving  a  r e s i d u a l  peak due t o  
018, t h e  o1 /016 r a t i o  being about t h a t  of  normal ground l e v e l  oxygen, 
Occasional ly a mass 15 peak from N~~ i s  observed, t h e  N ~ ~ / N ~ ~  r a t i o  



being about t h a t  of  normal n i t rogen .  The mass 8 peak may a l s o  cons i s t  
p a r t l y  o f  ~ e ~ ' ,  ..but a t  low a l t i t u d e s ,  where 0' i s  t h e  dominant cons t i tuen t  
it i s  l i k e l y  t h a t  t h e  mass 8 peak c o n s i s t s  mainly of o", formed by 
photoioniza t ion  of 0'. A t  t h e  wake p o s i t i o n ,  only peaks a t  mass 1 and 
4 amu a r e  v i s i b l e  and t h e s e  a r e  reduced i n  amplitude from t h e  ram condi- 
t i o n .  

A t  a l t i t u d e s  nea r  apogee (3000 km) a t  mid t o  low l a t i t u d e s  t h e  
mass s p e c t r a  show only peaks a t  1, 2 ,  4 and occas ional ly  8 m u .  These 
a r e  i d e n t i f i e d  a s  hydrogen (1 m u ) ,  deuterium (2 amu) , helium (4 m u )  

" (8 m u ) .  In  t h i s  region  no 0' is  observed s o  t h e  mass 8 peak 
ably  due t o  t h e  ~ e ~ *  ion .  

The s a t e l l i t e  i s  o r i en ted  so  t h a t  i t s  s p i n  a x i s  is  maintained 
normal t o  the  o r b i t a l  p lane  (a  cartwheel o r b i t ) .  Thus, t h e  mass spectra= 
meter  ent rance  ape r tu re  on t h e  s i d e  of  t h e  s a t e l l i t e  a l t e r n a t e l y  po in t s  
along t h e  s a t e l l i t e  v e l o c i t y  vec to r ,  t h e  ram condi t ion ,  and opposi te  
t o  i t ,  t h e  wake condit ion.  

Since t h e  s a t e l l i t e  is  t r a v e l i n g  a t  a speed g r e a t e r  than  t h e  
mean v e l o c i t y  of  t h e  ambient hydrogen i o n ,  t h e  ram and wake condi.tions 
a r e  exh ib i t ed  a s  a r o l l  modulation i n  t h e  ion  peak amplitudes. The 
s a t e l l i t e  s p i n  pe r iod  v a r i e s  from 7 t o  12 sweep pe r iods .  Figure 4-5 ' 

shows one r o l l  modulation cycle .  The mass 1 peak i s  r e l a t i v e l y  cons tant  
while t h e  heavy i o n  peaks (mass 14, 16, 18) a r e  absent  i n  n e a r l y  h a l f  
of  t h e  spec t ra .  - . 

Figure 4-6 is  a p l o t  o f  t h e  peak amplitudes o f  success ive  
mass s p e c t r a  a s  a funct ion  of  time. The r o l l  modulation i s  q u i t e  
evident  and it 'should be noted t h a t  i t s  amplitude i s  a s t rong  
func t ion  o f  ion  mass. For H+ it i s  about 1 order  o f  magnitude; f o r  
He+ 2-1/2 orders  of  magnitude; and f o r  0+ more than 5 o rde r s  o f  
magnitude . 

CALIBRATION 

An i o n  mass spectrometer  measures r e l a t i v e  abundances of  t h e  
ions  i t  samples from t h e  ionosphere b u t  can be c a l i b r a t e d ,  as  i s  
descr ibed  below, t o  g ive  absolu te  ion  concent ra t ions ,  Several  f a c t o r s  
cause t h e  spectrometer  t o  d i sc r imina te  aga ins t  ions  of  heavy mass. 
F i r s t ,  t h e  instrument  scans t h e  mass spectrum by varying t h e  ion  
a c c e l e r a t i n g  vol tage  i n  an exponential  manner from 4000 t o  150 v o l t s .  
Low mass ions  a r e  measured near  t h e  high vol tage  end of  t h e  sweep 
where t h e  instrument  has a h ighe r  t ransmiss ion  f a c t o r  than  a t  t h e  
low voltage/high mass end. This phenomenon i s  known as  t h e  vol tage  
e f f e c t .  Second, l i g h t  mass i o n s ,  being more mobile than  heavy mass 
i o n s ,  a r e  c o l l e c t e d  from a l a r g e r  volume. Hence, a l a r g e r  l i g h t  mass 
ion  cu r ren t  i s  measured f o r  equal concent ra t ions  o f  l i g h t  and heavy 
mass i o n s .  Third,  t h e  r o l l  modulation amplitude has been shown above 
t o  be a s t rong  funct ion  of ion mass. I t  is t h e r e f o r e  most p r a c t i c a l  
t o  measure t h e  ion  abundance r a t i o s  only i n  t h e  ram condi t ion ,  when 
t h e  s e n s i t i v i t y  f o r  each cons t i tuen t  is  a m'aximum. 



Figure 4-6. Roll modulation of ion peak amplitudes.> 
Peak amp1 i tude versus time. 

In  o r d e r  t o  c o r r e c t  f o r  t h e  mass d i sc r imina t ions  d iscussed  
above s e v e r a l  methods of c a l i b r a t i o n  of  t h e  mass spec t rometer  were 
employed. The mass d i sc r imina t ion  of  t he  mass spec t rometer  due t o  t h e  
vo l t age  scan  mode of ope ra t ion  was measured i n  t h e  l abo ra to ry  by 
determining t h e  r a t i o s  of gases  i n  s t anda rd  mixtures  which have been 
c a l i b r a t e d  by ano the r  mass spec t rometer  u s ing  magnetic scan .  Ion 
c u r r e n t s  (amps) a r e  converted i n t o  ion  c o n c e n t r a t i ~ n s  by mul t ip ly ing  
by a cons tan t  of t h e  o r d e r  of 10 l0 .  

I n - f l i g h t  c a l i b r a t i o n  f o r  t h e  sampling e f f i c i e n c y  o f  t h e  
var ious  ion  s p e c i e s  from t h e  plasma was done by comparing t h e  t o t a l  
i on  c u r r e n t  ( t he  sum o f  a l l  t he  peaks) with e l e c t r o n  d e n s i t y  d a t a  
from t h e  Alouet te  I 1  t o p s i d e  sounder s a t e l l i t e .  The Alouet te  I1 
and Explorer  XXXI s a t e l l i t e s  were launched piggyback i n t o  s i m i l a r  
o r b i t s .  The t ime s e p a r a t i o n  between passage o f  t h e  two s a t e l l i t e s  
over  a given l a t i t u d e  ( l e s s  than  30 minutes fc;r t h e  passes  used i n  
t h i s  c a l i b r a t i o n  ) i s  assumed t o  be smal l  compared t o  v a r i a t i o n s  i n  
t h e  ionosphere a t  t h a t  l a t i t u d e .  Hence, both s a t e l l i t e s  measure t h e  
same ionosphere and t h e  d a t a  used i n  t h e  comparisons were f i r s t  made 
i n  reg ions  where t h e  ionosphere cons i s t ed  o f  g r e a t e r  than  95 percent  
H* ions  ( t h e  remainder being He* and D+). A p l o t  o f  t h e  c a l i b r a t i o n  
f a c t o r  ( r a t i o  o f  e l e c t r o n  concen t r a t ion  t o  i o n  concent ra t ion)  a g a i n s t  
H* concen t r a t ion  is  shown in-Figure  4-7. . 
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Figure 4-7. Calibrat ion coeffi  cientsi  Ratio o f  
Alouette e lec t ron  density t o  ti' an$ 0 concentration. 
Note sca le  change i n  abscissa  of 0 curve. 

Data a r e  p l o t t e d  over  a  range of concent ra t ion  from 9 x  103 
( t he  maximum Hf concen t r a t ion  t h a t  has  been observed) t o  1 x  103 ions 
p e r  cm3. k l i n e a r  r e l a t i o n s h i p  i s  seen t o  e x i s t .  Thc f a c t  t h a t  t h e  
c a l i b r a t i o n  c o e f f i c i e n t  is  n o t  cons tan t  may be  due t o  t h e  v a r i a t i o n  
i n  plasma shea th  th i ckness  around t h e  s a t e l l i t e  a s  t h e  ion  con.centra- 
t i o n  changes. Thus, a d i r e c t  c a l i b r a t i o n  o f  t h e  abso lu t e  s e n s i t i v i t y  
of t h e  mass spec t rometer  t o  H+ was obta ined .  Next, a  s i m i l a r  c a l i b r a -  
t i o n  was made f o r  0' u s ing  ionosphe r i c  reg ions  t h a t  were g r e a t e r  than  
90 percent  0'. In  t h i s  case t h e  c a l i b r a t i o n  f o r  H+ was incorpora ted  
i n t o  t h e  c a l c u l a t i o n .  The concent ra t ion  f o r  t h e  0' c a l i b r a t i o n ,  as 
shown i n  F igure  4-7,  ranges from 5 x  l o 5  t o  1 x  l o 2  i ons  p e r  cm3, 
A l i n e a r  r e l a t i o n s h i p  e x i s t s  a t  lower concent ra t ions  bu t  a  s a t u r a t i o n  
e f f e c t  and r e v e r s a l  s e t  i n  above lo5 .  A t  low concent ra t ions  (below 
103) t h e  shea th  has l i t t l e  e f f e c t  on t h e  sampling volume and hence 
t h e  c a l i b r a t i o n  c o e f f i c i e n t .  The abso lu t e  s e n s i t i v i t y  of  t h e  mass 
spec t rometer  f o r  t h e  o t h e r  i ons  was then  obta ined  by i n t e r p o l a t i o n  
from t h e s e  d a t a .  Obviously, t h e  accuracy o f  s e n s i t i v t y  o f  t h e  minor 
c o n s t i t u e n t s  i s  l e s s  t han  t h a t  f o r  H+ and 0+ b u t  s i n c e  t h e  concentra-  
t i o n s  of  t h e s e  spec i e s  g e n e r a l l y  l i e  below 1h3  (except f o r  Ni whose 
mass and mob i l i t y  is  c l o s e  t o  0+) t h e  c a l i b r a t i o n  c o e f f i c i e n t s  a r e  
almost c o r ~ s t a n t s .  Most of  t h e  passes  used f o r  t h i s  c a l i b r a t i o n  pro-  
cedure were d i f f e r e n t  from t h e  passes  s e l e c t e d  f o r  comparison with 
t h e  o t h e r  experiments on Explorer  XXXI, t h e  r e s u l t s  of  which a r e  
p re sen ted  i n  t h e  paper  e n t i t l e d  "Comparison of  Resul t s  of  Explorer  
XXXI Di rec t  Measurement Probes" (Donley, Brace, Hoffman, Wrenn, R969), 
Hence, t h e  cofiiparisons i n  t h e  l a t t e r  paper  show t h e  degree o f  agree-  
ment between t h e  r e s u l t s  ob ta ined  by applying t h e  cal i b r a t i o n s  
d iscussed  he re  and t h e  r e s u l t s  ob ta ined  by t h e  o t h e r  experiments i n  
t h i s  program. This agreement i s  gene ra l ly  t o  about 10 pe rcen t .  



A t y p i c a l  example of t h e  r e s u l t  of t h i s  i n - f l i g h t  c a l i b r a t i o n  
procedure i s  shown i n  Figure 4-8. The abso lu t e  concent ra t ion  of each 
ion  s p e c i e s  i s  p l o t t e d  aga ins t  s a t e l l i t e  a l t i t u d e .  The Alouet te  II 
t o p s i d e  sounder d a t a  f o r  t h e  same pass  i s  a l s o  shown. Agreement 
between t h e  t o t a l  i on  concen t r a t ion ,  Ni ,  a s  determined by t h e  sum o f  
t h e  i n d i v i d u a l  i on  s p e c i e s  concen t r a t ions ,  and t h e  e l e c t r o n  densit 'y 
i s  o f  t h e  o rde r  of 10 p e r c e n t .  In t h i s  pass  t h e  ion  composition 
changes from 75% 0+ a t  1620 km t o  66 percent  H' a t  1170 km. Thus it  
can be seen  t h a t  t h e  mass spec t rometer  i s  capable of  making abso lu t e  
ion  concen t r a t ion  measurements t o  t h e  o rde r  o f  10% when c a l i b r a t e d  
a g a i n s t  s imultaneous e l e c t r o n  concen t r a t ion  d a t a  such a s  obta ined  from 
t h e  t o p s i d e  sounder .  
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Figure 4-8. Comparison of ion data with Alouette I1 e lect ron 
concentrati ons , Concentrati ons are  plot ted as a functi on o f  
both a1 t i  tude and 1 a t i  tude, 

The msss spec t rometer  has  a  s e n s i t i v i t y  t o  H' i ons  of t h e  
o r d e r  of  1 p e r  cm3 and t o  0' i ons  of  10 p e r  cm3. The Alouet te  11 
t o p s i d e  sounder d a t a  when analyzed by t h e  s t anda rd  method (Nelms 
and Lockwood, 1966) can g ive  e l e c t r o n  concent ra t ion  d a t a  a s  low as 
s e v e r a l  hundred e l e c t r o n s  p e r  cm3. For concent ra t ions  below t h i s  
l e v e l  t h e  b e a t  frequency method due t o  Hagg (1967) must be employed. 
Since t h e  mass spec t rometer  can a l s o  measure concentraions i n  t h i s  
range,  a  comparison was made wi th  t h e  Alouet te  d a t a  f o r  a  h igh  
a l t i t u d e  p a s s ,  No. 209, t h a t  t r a v e r s e d  t h e  no r the rn  p o l a r  r eg ion ,  



The r e s u l t s  a r e  shown i n  F igure  4-9 .  This pass  shows a  reg ion  of  
h igh ly  v a r i a b l e  i on  concen t r a t ion .  The Alouet te  d a t a  a r e  g iven  a s  
X ' s  f o r  t h e  s t anda rd  method o f  r educ t ion  and a s  0 ' s  f o r  t h e  Hagg 
d a t a .  Above a  concen t r a t ion  o f  500 ions  pertcm3 t h e  agreement i s  
t o  w i th in  20 pe rcen t  except  a t  t h e  extreme l e f t  i n  t h e  f i g u r e  (where 
one p o i n t  d i f f e r s  by 30 pe rcen t  and one by 40 pe rcen t )  f o r  both a 
predominantly H* ionosphere ,  and f o r  an O+ reg ion  n e a r  t h e  c e n t e r  of  
F igure  4-9. For concen t r a t ions  between 30 and 100 ions  p e r  cm3 a t  
70' t o  t h e  l e f t  and aga in  from 85 t o  90°,  r eg ions  where He" i s  
predominant,  and t o  t h e  r i g h t  at 80" t o  75' (H* and o+. r eg ions ,  
h igh ly  s t r u c t u r e d )  t h e  agreement wi th  the  Hagg r e s u l t s  i s  a l s o  t o  

t h e  o rde r  o f  20 pe rcen t .  Below 30 ions  p e r  cm3 t h e  mass spec t rometer  
d a t a  l i e s  we l l  below t h e  Hagg r e s u l t s .  In  f a c t ,  i n  p a r t  o f  t h e  reg ion  
over t h e  p o l e ,  t h e  mass spec t rometer  shows no ions  ( l e s s  than  one p e r  
cm3) wh i l e  t h e  Hagg method shows concent ra t ions  o f  15 t o  30 e l e c t r o n  
p e r  cm3. In t h i s  reg ion  t h e  s p a c e c r a f t  p o t e n t i a l  has  gone s u f f i c i e n t l y  
p o s i t i v e ,  a s  determined by t h e  ion  t r a p  on t h e  s a t e l l i t e ,  t o  r e p e l  a l l  
i ons  from t h e  s a t e l l i t e ,  Apparently it r e q u i r e s  e l e c t r o n  concent ra t ions  
o f  t h e  o rde r  of  30 p e r  cm3 t o  s u f f i c i e n t l y  n e u t r a l i z e  t h e  s p a c e c r a f t  
p o t e n t i a l ,  made p o s i t i v e  by photoemission, t o  al low t h e  mass spec t ro -  
meter  t o  c o l l e c t  any ions  a t  a l l  from t h e  reg ion  around t h e  s p a c e c r a f t .  
However, when t h i s  cond i t i on  does e x i s t ,  t h a t  t h e  s p a c e c r a f t  p o t e n t i a l  
i s  n e a r  zero (wi th in  1 o r  2  v o l t s ) ,  t h e  mass spec t rometer  r e s u l t s  agree  
reasonably wel l  wi th  t h e  t o p s i d e  sounder r e s u l t s  down t o  a  concen t r a t ion  
o f  30 ions  p e r  un3 a s  shown by t h i s  example. 
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Figure 4-9. Comparison o f  mass s p e c t r o m e t e r  and 
A l o u e t t e  I1 d a t a .  




