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Abst rac t  

The n a t u r e  of t h e  r e s u l t s  from t h e  r e t a r d i n g  p o t e n t i a l  a n a l y s e r  

on OGO V I  a r e  descr ibed.  The device  appears  capable  of measuring 

ion  temperature t o  an accuracy of b e t t e r  t han  t e n  percent  i n  a 

q u i e t  ionosphere.  I n  t h e  dawn-dusk p l ane  t h e  i o n  temperature i s  

observed t o  vary  from POOO°K t o  4QO0°K; t h e  h ighe r  tempera tures  

being a s s o c i a t e d  wi th  h ighe r  a l t i t u d e s  i n  t h e  win te r  hemisphere, 

Molecular i ons  a r e  de t ec t ed  nea r  p e r i g e e  (400 km), b u t  t h e i r  concen- 

i- 
t r a t i o n s  seldom exceed one percent  of t h e  0 i on  concen t r a t ion .  A t  

mid- la t i tudes  and h igher  a l t i t u d e s  (>700 km) t h e  l i g h t e r  i ons  H' and 

+ 4- 
He a r e  both p re sen t  a t  approximately t h e  0 concen t r a t ion  b u t  t h e i r  

r e l a t i v e  importance decreases  near  and i n  t h e  po la r  reg ions .  Both 

p o l a r  r eg ions  d i sp l ay  l a r g e  s p a t i a l  f l u c t u a t i o n s  i n  i o n  concen t r a t ion  

and t h i s  behavior  extends somewhat i n t o  t h e  plasmasphere. Fluxes of 

e l e c t r o n s  wi th  energy g r e a t e r  than  10 ev  of t h e  o r d e r  of l o8  sec- I  

are observed t h a t  change r a t h e r  smoothly w i t h i n  t h e  plasmasphere b u t  

show r a p i d  and l a r g e  v a r i a t i o n s  a t  h i g h e r  l a t i t u d e s .  The device  a l s o  

o p e r a t e s  i n  a mode t h a t  examines t h e  h o r i z o n t a l  changes i n  i o n  concen- 

t r a t i o n  ( f r a c t i o n a l  changes a s  smal l  as can be  observed) wi th  a 

s p a t i a l  r e s o l u t i o n  from 35Q meters  t o  a s  small. a s  40 meters ,  depending 

on t h e  te lemet ry  r a t e .  



In t roduc t ion  

A p l ana r  geometry r e t a r d i n g  p o t e n t i a l  ana lyse r  (RPA), commonly 

c a l l e d  an i o n  t r a p ,  was inc luded  i n  t h e  payload of OGO V I .  Because 

t h e  OGO's  a r e  o r i e n t e d  v e h i c l e s  they  provide  i d e a l  p la t forms f o r  t h e  

ope ra t ion  of p l ana r  i on  t r a p s .  OGO V I  was launched i n t o  a dawn-dusk 

o r b i t  on June 5, 1969, from t h e  Western Tes t  Range a t  1440 GMT and 

t h e  i n i t i a l  o r b i t a l  parameters  were pe r igee  397 km, apogee PO98 k m ,  

and i n c l i n a t i o n  82'. The purpose of t h i s  r e p o r t  i s  t o  d e s c r i b e  t h e  

ope ra t ion  of t h e  WA and t h e  n a t u r e  of t h e  d a t a  obtained.  I n  gene ra l ,  

t h e  i n i t i a l  r e s u l t s  a r e  very  promising and i t  appears  t h a t  a c c u r a t e  

and r e l i a b l e  va lues  f o r  i o n  temperature and concen t r a t ion  can b e  

derived.  

Many previous  a t t empt s  have been made t o  measure ion  temperature 

wi th  p l ana r  and s p h e r i c a l  RPAqs i n  both rocke t s  and s a t e l l i t e s ,  w i t h  

vary ing  degrees of success .  The f i r s t  r epo r t ed  measurements wi th  a n  

RPA came from t h e  s p h e r i c a l  i on  t r a p  i n  Sputn ik  3 (Krassovsky, 1959),  

But t h e  behavior  of devices  wi th  s p h e r i c a l  geometry is  s u f f i c i e n t l y  

d i f f e r e n t ( f r o m  those  w i t h  p l ana r  geometry) tha t  t h e i r  performance w i l l  

no t  be reviewed. 

The f i r s t  r epo r t ed  measurements of i on  temperature wi th  a p l ana r  

WA i n  a rocke t  were by Hanson and McKibbin (1961), b u t  they f e l t  t h e  

va lues  of Ti deduced from t h e i r  measurements (1900°K t o  2800°K) were 

too h igh  t o  be  v a l i d ,  Subsequent rocke t  r e s u l t s  by Knudsen and Sharp 

(1965) i n  t h e  E l a y e r  revea led  cons iderable  v e r t i c a l  s t r u c t u r e  i n  T i" 



Knudsen and Sharp (1966) a l s o  r epo r t ed  some measurements of T i n  a  i 

rocke t  of unknown o r i e n t a t i o n  above 700 km, where i t  was assumed t h a t  

+ 
B was t h e  dominant ion .  Quite  r ea sonab le  va lues  of i on  tempera tures  

were deduced (%120Q°K). Hanson e t  a l .  (1969) measured T i n  t h e  300 km 
i 

t o  700 km a l t i t u d e  range and argued t h a t  t h e  va lues  obta ined  w e r e  i n  

r ea sonab le  agreement wi th  theory.  A l l  t h e  above measurements showed 

cons ide rab le  s c a t t e r  i n  t h e  deduced v a l u e s  of T and a l l  d a t a  ana lyses  
i' 

werep@rformed us ing  only t h e  most a p p r o p r i a t e  of t h e  s e v e r a l  l i n e a r  

v o l t a g e  output  ranges a v a i l a b l e .  

The h igh  mach number a v a i l a b l e  i n  s a t e l l i t e s ,  a s  w e l l  as t h e  

long time a v a i l a b l e  f o r  ou tgass ing ,  makes them appear more i n v i t i n g  

than  s o c k e t s  a s  an  RPA platform. Manson e t  a l .  (1964) and Knudsen and 

Sharp (1967) presented  t h e  f i r s t  Ti r e s u l t s  from a s a t e l l i t e  RPA. The 

a l t i t u d e  range  210 km t o  516 km was examined. Ion temperatures  v a r i e d  

from approximately 100Q°K t o  more than  5000°K, with cons ide rab le  

s c a t t e r  i n  t h e  da t a .  Again, only one of t h r e e  l i n e a r  v o l t a g e  ranges  

was used t o  deduce a  given va lue  of T s o  t h a t  a  l a r g e  dynamic range  i 

i n  ion c u r r e n t  was not  a v a i l a b l e .  A r a t h e r  noisy te lemeter  system 

a l s o  tended t o  degrade t h e  accuracy of t h e  da ta .  Har r i s  e t  a l ,  (1967, 

1969) measured T on another  low a l t i t u d e  s a t e l l i t e  i n  t h e  h e i g h t  range  i 

of approximately 130 km t o  300 km. Data a n a l y s i s  on t h e  ground was 

again r e s t r i c t e d  t o  a s i n g l e  l i n e a r  v o l t a g e  s c a l e  on a  r e l a t i v e l y  noisy  

te lemeteu,  T h i s  l i m i t a t i o n  was p a r t i a l l y  overcome, however, w i th  she  

a i d  of on-board d a t a  process ing ,  and wh i l e  t h e  repor ted  T va lues  show i 



much h o r i z o n t a l  s t r u c t u r e ,  t h e r e  was r e l a t i v e l y  l i t t l e  s c a t t e r  i n  

t h e  da ta .  The magnitude of Ti v a r i e d  from l e s s  t han  400°K t o  g r e a t e r  

than  4000°K, s o  t h a t  i t  appears  most u n l i k e l y  t h a t  Ti i s  even approxi- 

mately equal  t o  t h e  n e u t r a l  p a r t i c l e  temperature,  Tn, i f  t h e s e  r e s u l t s  

a r e  v a l i d .  While i t  i s  r e l a t i v e l y  easy t o  hypothes ize  e f f e c t s  t h a t  

would make Ti>Tn, i t  i s  somewhat d i s t u r b i n g  t h a t  T  was observed t o  i 

be  lower than  400°K on occas ion  a t  a l t i t u d e s  w e l l  above 200 km. Radar 

b a c k s c a t t e r  r e s u l t s  a t  ~ i c a m a r c a  f o r  t h e  same t i m e  i n t e r v a l  gave 

minimum va lues  of Ti of approximately 6 5 0 ' ~  above 200 km (McClure, 1969).  

Recent ly Donley (1969) and Donley et a l .  (1969) presented  some 

pre l iminary  d a t a  from t h e  p l ana r  RPA on Explorer  XXXI, which had an 

i n i t i a l  p e r i g e e  and apogee of 502 km and 2982 km r e s p e c t i v e l y .  The 

r a t h e r  low maximum r e t a r d i n g  p o t e n t i a l  used (6.3 v o l t s )  p rec ludes  t h e  

p o s s i b i l i t y  of examining t h e  h igh  energy Boltzman t a i l  of t h e  0' i o n  

9 
d i s t r i b u t i o n ,  b u t  t h i s  should b e  p o s s i b l e  f o r  t h e  l i g h t  i ons  H' and He 

While t h e  l i m i t e d  d a t a  presented  appeared t o  be  reasonable ,  t h e  Ti 

r e s u l t s  were c o n s i s t e n t l y  h ighe r  (by from 20% up t o  a f a c t o r  of two) 

than  obta ined  w i t h  a s p h e r i c a l  i o n  probe (Wrenn, 1969; Donley e t  a l . ,  

1969) on t h e  same s a t e l l i t e .  The raw d a t a  from t h e  s p h e r i c a l  probe 

(Wrenn, 1969) taken nea r  p e r i g e e  a r e  q u i t e  impress ive  and appear t o  

be  of much b e t t e r  q u a l i t y  than  t h a t  ob ta ined  wi th  a  s i m i l a r  ins t rument  

on A r i e l  X (Boyd and R a i t t ,  1965; Bowen e t  a l . ,  1964).  

The fo l lowing  p r e s e n t a t i o n  desc r ibes  f i r s t  t h e  phys i ca l  n a t u r e  

and ope ra t ing  c h a r a c t e r i s t i c s  of the  RPA on OGO V I ,  Next t h e  form of 

t h e  raw d a t a  and t h e  technique of d a t a  a n a l y s i s  a r e  shown and d iscussed .  



A r e l a t i v e l y  sma l l  amount of reduced d a t a  i s  then  given,  which i s  

meant more t o  i l l u s t r a t e  t h e  kind s f  r e s u l t s  ob ta ined  than t o  examine 

t h e i r  phys i ca l  s i g n i f i c a n c e .  I t  is expected t h a t  t h e  c o r r e l a t i o n  of 

t h e  RPA measurements w i t h  o t h e r  geophys ica l  parameters  being s imultaneously 

monitored on OGO V I  w i l l  be much more f r u i t f u l  than  cons ider ing  t h e s e  

r e s u l t s  a lone ,  Such j o i n t  e f f o r t s  await  t h e  i ssuance  of f i n a l  format  

d a t a  t apes  from t h e  OGO d a t a  process ing  c e n t e r  and a n a l y s i s  of t h e  

d a t a  by t h e  i n d i v i d u a l  experimenters .  A r a t h e r  ex t ens ive  d i s c u s s i o n  

of t h e  l i m i t a t i o n s  of t h e  d a t a  i s  indulged s o  t h a t  t h e  v a l i d i t y  of 

f u t u r e  r e s u l t s  a s  w e l l  a s  t hose  presented  h e r e  can b e  adequately 

judged by t h e  reader .  

Desc r ip t ion  of t h e  experiment 

The Retard ing  P o t e n t i a l  Analyser (RPA) i s  comprised of a  s enso r  

head and a cont iguous ly  mounted e l e c t r o n i c s  box which toge the r  weigh 

2.75 %bs,  and consume 1 .8  w a t t s  of power. 

The senso r  head c o n s i s t s  of an 8 cm diameter  cy l inde r  wi th  a 

2 cm diameter  a p e r t u r e  through which charged p a r t i c l e s  pass  b e f o r e  

s t r i k i n g  a  s o l i d  c o l l e c t o r ,  The pa th  between t h e  a p e r t u r e  and c o l l e c t o r  

i s  e l e c t r i c a l l y  segmented by a  s e r i e s  of g r i d s  whose p o t e n t i a l s  a r e  

c o n t r o l l e d  by t h e  e l e c t r o n i c s  box, ( s ee  f i g u r e  1). The g r i d s  a r e  

a l l  made of 100 mesh ( i , e , ,  two perpendicular  s e t s  of w i re s  10  mils 

apart) gold p l a t e d  1 m i l  tungs ten  wire ,  and a l l  o t h e r  metal s u r f a c e s  

i n  t h e  sensor  head are a l s o  gold p l a t e d ,  



The senso r  head i s  f l u s h  mounted on t h e  o r b i t a l  p lane  experimen- 

t a l  package (OPEP) number 1, which i s  always on t h e  e a r t h  s i d e  of t h e  

main body. Surrounding t h e  sensor  head i s  a  grounded gold p l a t ed  16 mesh 

sc reen  t h a t  is  f a r e d  ou t  a d i s t a n c e  6.5 mm ahead of t h e  sensor  f a c e ,  a s  

shown i n  F igure  1. This  screen ,  whose purpose i s  t o  minimize e l e c t r i c  

f i e l d s  p a r a l l e l  t o  t h e  sensor  f ace ,  covers  t h e  e n t i r e  OPEP f r o n t  s u r f a c e ,  

except  f o r  ins t rument  ape r tu re s ,  and is  a l s o  wrapped over  t h e  edges of 

t h e  OPEP f o r  s e v e r a l  cen t imeters .  The edge c l o s e s t  t o  t h e  sensor  f a c e  

i s  3 cen t ime te r s  away. During normal o p e r a t i o n  t h e  senso r  f a c e  i s  

perpendicular  t o  t h e  v e h i c l e  v e l o c i t y  v e c t o r .  

The ePec t ron ic s .box  conta ins  a  power supply w i t h  s e v e r a l  f i x e d  

output  vo l t ages ,  an automatic  range-changing l i n e a r  e l ec t rome te r ,  a  d i f -  

f e r e n t i a l  a m p l i f i e r  and a l i n e a r  v o l t a g e  sweep c i r c u i t ,  t oge the r  w i t h  
\ 

s e v e r a l  l o g i c  and t iming  networks. The e l ec t rome te r  has  a  s e n s i t i v i t y  of 

3.02 x 10-'I amperes p e r  v o l t  on t h e  most s e n s i t i v e  of 8  d i f f e r e n t  ampli- 

f i c a t i o n  ranges  and responds equal ly  t o  p o s i t i v e  and nega t ive  cu r r en t s .  

Adjacent ranges  have v o l t a g e  ga ins  t h a t  d i f f e r  by a  f a c t o r  of m, The 

d i f f e r e n c e  a m p l i f i e r  has  a ga in  of 50. 

Modes of Operat ion:  

There a r e  two b a s i c  modes of ope ra t ion .  During t h e  ion-ana lys is  

mode, when t h e  ion  temperature and composi t ion a r e  examined, t h e  r e -  

t a r d i n g  g r i d ,  G 3 ,  i s  swept l i n e a r l y  from 919.5 v o l t s  t o  -1.8 v o l t s  and 

t h r e e  of t h e  f o u r  main frame te lemet ry  words a l l o t t e d  t o  t h i s  experiment 

a r e  assigned t o  t h e  e l ec t rome te r  ou tput .  During t h e  duct-mode, wlaen 

smal l  h o r i z o n t a l  g r a d i e n t s  i n  i on  concen t r a t ion  a r e  examined, g r i d  G 3 

i s  maintained a t  -1.8 v o l t s  and t h r e e  of t h e  f o u r  t e l eme t ry  words 



a r e  ass igned  t o  t h e  d i f f e r e n t i a l  a m p l i f i e r  ou tpu t  whi le  t h e  f o u r t h  r e a d s  

t h e  e l ec t rome te r  ou tput .  Grid G4 ( t h e  suppressor  g r i d )  i s  always main- 

t a i n e d  a t  -9 .1  v o l t s  ( a l l  v o l t a g e s  g iven  a r e  w i t h  r e s p e c t  t o  v e h i c l e  ground) 

t o  suppres s  photoemission from t h e  c o l l e c t o r  and g r i d s  G and G a r e  1 2 

always grounded. 

The d i f f e r e n t i a l  a m p l i f i e r  moni tors  t h e  d i f f e r e n c e  between t h e  

e l ec t rome te r  ou tpu t  v o l t a g e  a t  t h e  t i m e  t h e  duc t  mode is  i n i t i a t e d  

and i t s  subsequent  v o l t a g e  ou tpu t .  This  d i f f e r e n c e  v o l t a g e  is  ampl i f i ed  

by a  f a c t o r  of 50 and p re sen t ed  t o  t h e  telemeter. Zero ou tput  of  t h e  

d i f f e r e n t i a l  a m p l i f i e r  i s  set a t  2.68 v o l t s  on t h e  te lemet ry  ou tpu t  s o  

t h a t  bo th  p l u s  and minus changes i n  t h e  e l e c t r o m e t e r  ou tput  can b e  

observed,  The p o l a r i t y  of t h e  d i f f e r e n t i a l  a m p l i f i e r  is  such t h a t  

an  i n c r e a s e  i n  i t s  v o l t a g e  ou tpu t  corresponds t o  a  decrease  i n  t h e  

e l ec t rome te r  v o l t a g e  ou tpu t .  

The two modes a r e  a l t e r n a t e l y  employed and approximately equa l  

t i m e  i s  devoted t o  each one, A complete c y c l e  t i m e  of e i t h e r  40 seconds 

or PO seconds can be  s e l e c t e d  by ground command, except  t h a t  dur ing  

r e a l  t i m e  r eadou t ,  when a  h ighe r  d a t a  r a t e  i s  employed, t h e  10 second 

pe r iod  i s  au toma t i ca l l y  invoked. 

Telemetry : 

Four main frame t e l eme t ry  words a r e  a s s igned  t o  t h e  ins t rument .  

Each of t h e s e  words is t a p e  recorded i n  d i g i t a l  form wi th  8 b i t  accuracy 

every 0.144 seconds du r ing  t h e  8 k b i t  s t o r a g e  mode. During r e a l  t i m e  

i n t e r r o g a t i o n ,  when t h e  t a p e  r eco rde r  i s  n o t  be ing  read o u t ,  t h e  d a t a  



may be  taken i n  teal t ime a t  16 k b i t ,  32 k b i t ,  or 64 k b i t  r a t e s ,  wi th  

a proport ionatePy sma l l e r  t ime i n t e r v a l  between word t r ansmis s ions .  The 

sweep vo l t age  and e l ec t rome te r  s e n s i t i v i t y  range were monitored on a  

subcommut;ator a t  much I s w e n  d a t a  r a t e s .  

Data Analysis  

A sample s f  t h e  raw-data re turned  i s  i l l u s t r a t e d  i n  F igu re  2 ,  

where a complete eyc l e  of bo th  modes is  shown. The d a t a  was t ape  

recorded at t h e  8 k b i t  r a t e .  The upper t r a c e  is  made by t h e  s i n g l e  

ward which cont inuously monitors  t h e  e l ec t rome te r  ou tput .  The middle 

trace i s  made by t h e  two switched words which a l t e r n a t e l y  monitor  t h e  

e l ec t rome te r  ou tpu t  and t h e  d i f f e r e n c e  a m p l i f i e r  ou tput .  The lowest 

t race is  a r econs t ruc t ed  v o l t a g e  sweep of t h e  p o t e n t i a l  app l i ed  t o  

g r i d  G 3  based on t h e  subcommutator vo l t age  information.  The f o u r t h  

main frame word, which cont inuously monitors t h e  d i f f e r e n t i a l  a m p l i f i e r  

o u t p u t ,  j-s not  shown, 

&?hen t h e  r e t a r d i n g  p o t e n t i a l  is  l a r g e  and p o s i t i v e  (poin t  A) 

t h e  e lec t rometer  r eads  the  c u r r e n t  due t o  East e l e c t r o n s  e n t e r i n g  

the sensor  a p e r t u r e  t h a t  can overcome t h e  -9.1 v o l t  p o t e n t i a l  on g r i d  G4,  

('They  st a l s o  have s u f f i c i e n t  energy t o  overcome t h e  nega t ive  p o t e n t i a l  

s f  t h e  QPEP with respect t o  t h e  ambient plasma.) There i s  a  s h o r t  

recovery  t ime b e i u u e  p o i a t  A where t h e  e l ec t rome te r  recovers  from t h e  

pr eui,ous mode swf tc l r i r rg rjperatioiz, A s  t h e  p o s i t i v e  r e t a r d i n g  p o t e n t i a l  

dec reases ,  t he  more e n e r g e t i c  i ons  ( i n  t he  v e h i c l e  frame of r e f e rence )  



begin t o  reach  t h e  c o l l e c t o r  (poin t  B)  and t h e  n e t  c u r r e n t  decreases  
- .  

towards ze ro  where t h e  e lec t rometer  p o l a r i t y  i s  au toma t i ca l ly  switched.  The 

i o n  c u r r e n t  then  cont inues  t o  i n c r e a s e  till t h e  e l ec t rome te r  ou tput  reaches  

+4.5 v o l t s  a t  which time t h e  e l ec t rome te r  s e n s i t i v i t y  i s  au toma t i ca l ly  re-  

duced by a f a c t o r  of approximately m. The e l ec t rome te r  s e n s i t i v i t y  i s  

changed f o u r  more t imes i n  t h i s  manner u n t i l  t h e  i o n  c u r r e n t  s a t u r a t e s ,  i . e ,  

u n t i l  a l l  i o n s  e n t e r i n g  t h e  sensor  a p e r t u r e  a r e  be ing  c o l l e c t e d .  

A t  p o i n t  C t h e  ins t rument  changes t o  t h e  duc t  mode, where t h e  

switched words begin t o  monitor  t h e  d i f f e r e n c e  a m p l i f i e r  ou tpu t ,  The 

duc t  mode cont inues  t o  po in t  D, where t h e  c y c l e  ends and t h e  ion  a n a l y s i s  

mode i s  repea ted  aga in .  

Duct Mode : 

I n  t h e  duc t  mode, smal l  changes i n  t h e  e l ec t rome te r  ou tput  can  

be observed on t h e  d i f f e r e n t i a l  a m p l i f i e r  ou tpu t ,  I f  t h e  e l ec t rome te r  

v o l t a g e  a t  t h e  beginning of t h e  duct  mode i s  denoted by Vo and t h e  

d i f f e r e n c e  a m p l i f i e r  ou tput  by V t h e  percentage  change i n  t h e  d 

e l ec t rome te r  c u r r e n t ,  6 ,  i s  given by 

(V, - 2 . 6 )  
fj 2= -2 

Since  t h e  s a t e l l i t e  v e l o c i t y  changes very  slowly wi th  t ime,6may b e  

considered t o  be p ropor t iona l  t o  changes i n  t h e  ambient i on  concen t r a t ion  

provided t h a t  o t h e r  parameters ( i . e .  ang le  of a t t a c k )  a l s o  do not  change 

r a p i d l y ,  The f a c t  t h a t  Vo i s  seldom l e s s  khan l , 5  v o l t s  means t h a t  

changes i n  n l a r g e r  than i -3.5 percent  cannot be  observed wi th  t h e  
i - 



d i f f e r e n t i a l  a m p l i f i e r .  Changes l a r g e r  than t h i s  can be  r e a d i l y  

observed d i r e c t l y  on t h e  e l ec t rome te r  ou tput  bu t  wi th  only one t h i r d  

t h e  t ime r e s o l u t i o n  provided by t h e  d i f f e r e n t i a l  a m p l i f i e r  ou tpu t .  

The u l t i m a t e  s e n s i t i v i t y  of t h e  duct  mode occurs  when V = 4.5 v o l t s .  
0 

Under t h e s e  c o n d i t i 0 n s . a  one b i t  change (20 mv) i n  V corresponds t o  d  

a change of approximately 0.01 percent  i n  ni. 

Some r e p r e s e n t a t i v e  examples of t h e  d i f f e r e n c e  a m p l i f i e r  ou tput  

taken  a t  t h e  64 k b i t  r a t e  dur ing  r e a l  t ime te lemet ry  readout  a r e  

d i sp l ayed  i n  F igu re  3 ,  The upper t r a c e  (a)  shows a  very  uniform 

g r a d i e n t  i n  ni of +0.083 pe rcen t  per  k i lometer .  On many occas ions  

such uniform g r a d i e n t s  a r e  observed, o f t e n  proper ly  i d e n t i f i e d  wi th  

i n c r e a s i n g  o r  decreas ing  h e i g h t  of t h e  s a t e l l i t e ,  b u t  many t imes wi th  

an unexpected a l g e b r a i c  s i g n ,  which can only i n d i c a t e  r e a l  h o r i z o n t a l  

g r a d i e n t s  i n  n . .  The second t r a c e  (b) shows sma l l  p e r i o d i c  changes 
1 

i n  n .  about a  cons t an t  mean va lue  wi th  a  wavelength of 4 km. The ampli- 
1 

t ude  of t h e  s i n u s o i d a l  changes i s  l e s s  than 0.1 percent .  Such an event  

i s  r e l a t i v e l y  r a r e  b u t  t h e  t r a c e  is  by no means unique. Qui te  o f t e n  

t h e  t r a c e s  a r e  f l a t  over  t h e  e n t i r e  t r a c e  t o  l e s s  t han  0.05 pe rcen t .  

The lower t r a c e  ( c j  shows cons ide rab le  f i n e  s t r u c t u r e  w i th  vary ing  

ampli tude and per iod .  Traces s i m i l a r  t o  t h i s  a r e  observed on every 

o r b i t  examined, t o g e t h e r  w i th  many of even l a r g e r  amplitude. Ind iv idua l  

p o i n t s  a r e  recorded every 40 meters  a long t h e  o r b i t a l  pa th  dur ing  t h i s  

64 k b i t  r e a l  t ime readout ,  and it i s  obvious t h a t  t h e  s t r u c t u r e  extends 

to h o r i z o n t a l  d i s t a n c e s  much sma l l e r  than a  k i lometer .  Observat ion of such 

f i n e  s t r u c t u r e  a t  l a r g e r  ampli tudes ( 6 > 5 % )  has been previous ly  repor ted  

by Dyson (4969 ) -  



Ion  Analys i s  Node: 

The i o n  c u r r e n t s  shown i n  F igu re  2 a r e  r e p l o t t e d  i n  F igu re  4 

I 

on a  semilog p l o t  of  c o l l e c t o r  c u r r e n t  ve r sus  r e t a r d i n g  p o t e n t i a l ;  

on ly  every f o u r t h  d a t a  p o i n t  h a s  been p l o t t e d .  The s m a l l e s t  i o n  

c u r r e n t s ,  which con ta in  r e l a t i v e l y  l a r g e  b i t - e r r o r ,  a r e  n o t  shown 

-13 
(one b i t  on range  1 corresponds t o  a  c u r r e n t  of approximately 6x10 

amperes) b u t  even s o  t h e  d a t a  extend over  3 112 decades of c o l l e c t o r  

c u r r e n t .  Curren t -vo l tage  c h a r a c t e r i s t i c  curves ,  a s  i l l u s t r a t e d  i n  

F i g u r e  4 ,  a r e  f i t t e d  by a  l e a s t  squa re s  technique  (Pa t t e r son ,  1969) 

t o  t h e  t h e o r e t i c a l  express ion  (Whipple, 1959): 

where 

J = coPEector c u r r e n t  

K = g r i d  t r ansmis s ion  f a c t o r  

t h  n = concen t r a t i on  of i ion  i 

V = Q cos  8 

v = magnitude of v e h i c l e  v e l o c i t y  v e c t o r  i n  t h e  plasma frame of 

r e f e r e n c e  

8 = a n g l e  of a t t a c k  

A = a r e a  of a p e r t u r e  

E = i o n i c  charge  

t h  
m = mass of t h e  i i o n  
i 



T .  = i o n  tempera ture  
b 

k - Boltzmann c o n s t a n t  

U = r e t a r d i n g  g r i d  p o t e n t i a l  wi th  r e s p e c t  t o  v e h i c l e  ground 

I/J = v e h i c l e  p o t e n t i a l  w i t h  r e s p e c t  t o  plasma 

This  curve  f i t t i n g  technique  y i e l d s  t h e  optimum v a l u e s  f o r  T i 

and t h e  concen t r a t i on  s f  t h e  v a r i o u s  i o n  s p e c i e s  p r e s e n t .  The 

s o l i d  l i n e  shown r e p r e s e n t s  t h e  b e s t  f i t  of (2 )  t o  t h e  d a t a .  The one  

-10 obvious ly  poor f i t t i n g  p o i n t  n e a r  J = 5 x 1 0  amps w a s  recorded 

du r ing  a range  change of  t h e  e l ec t rome te r .  It has  been assumed i n  

t h e  p r e s e n t  computer program t h a t  T is t h e  same f o r  a l l  i o n  s p e c i e s ,  i 

b u t  t h i s  i s  n o t  a necessary  assumption. The q u a l i t y  of t h e  f i t  of 

t h e  t h e o r e t i c a l  exp re s s ion  t o  t h e  d a t a  is  expressed i n  terms of t h e  

r o o t  of t h e  mean squa re  f r a c t i o n a l  d e v i a t i o n ,  a ,  i . e , ,  

a - N  -n /a  - 
i=l 

1 3  '" ' [ ( I c a l c  lobs)/lobs i 

where N i s  t h e  number of exper imenta l  p o i n t s  used i n  t h e  a n a l y s i s ,  

Analys i s  of t h e  d a t a  i n  F igu re  4 i n d i c a t e s  t h a t  a tomic oxygen 

i s  t h e  p r i n c i p a l  i o n  p r e s e n t ,  A t  h igh  p o s i t i v e  r e t a r d i n g  p o t e n t i a l s  

t h e  i o n  c u r r e n t  i s  almost  e n t i r e l y  due t o  heav ie r  molecular i o n s ,  

even though they amount t o  only a few t e n t h s  of a pe rcen t  of t h e  0 
C 

c o n c e n t r a t i o n ,  This  is  s o  because of t h e  g r e a t e r  ram energy of t h e  

h e a v i e r  i o n s  i n  t h e  v e h i c l e  frame of r e f e r e n c e ,  A t  t y p i c a l  OGO 

v e l o c i t i e s  t h i s  ram energy i s  approximately 113  ev pe r  AMU, s o  t h a t  

molecular  ions  have approximately 4 o r  5 ev more energy on t h e  average  



-e 
than  t h e  0 i ons .  Heavy ions  a r e  d e t e c t e d  only  a t  a l t i t u d e s  below 

approximately 600 %an and t h e i r  maximum f r a c t i o n a l  abundance, which 

occurs  near  p e r i g e e ,  is  of t h e  o r d e r  of one pe rcen t .  

The presence  of l i g h t  ions  i s  ev iden t  a t  low r e t a r d i n g  

p o t e n t i a l s  i n t h e  d a t a  shown i n  F igure  5, where a l l  t h e  d a t a ,  except  

t h a t  recorded nea r  e lec t rometer  range  changes, have been p l o t t e d .  

+ + + + 
The l e a s t  squa res  a n a l y s i s  i n d i c a t e s  t h a t  t h e  (He / H  ) and (He /O ) 

concen t r a t ion  r a t i o s  a r e  3 , 6  and 2.2 r e s p e c t i v e l y  i n  t h i s  case.  

Because of t h e  sma l l  ram energy of t h e  l i g h t  i o n s  t h e i r  appearance 

p o t e n t i a l  i s  low, and t y p i c a l l y  t h e  0+ c u r r e n t  has  a l r eady  s a t u r a t e d  

b e f o r e  they produce a s e n s i b l e  c u r r e n t  a t  t h e  c o l l e c t o r .  Thus l i g h t  

i ons  cannot u s u a l l y  b e  de t ec t ed  a t  a s  sma l l  concen t r a t ions  a s  t h e  

4- 
molecular  i o n s  because of t h e  presence  of t h e s e  l a r g e  background 0 

c u r r e n t s ,  F igu res  4 and 5 exemplify r a t h e r  extreme concen t r a t ions  

of molecular  and l i g h t  i o n s ,  r e s p e c t i v e l y .  

Resu l t s  

Only a  r e l a t i v e l y  s m a l l  amount of d a t a  have been analysed t o  

d a t e ,  and most of t h a t  was taken s h o r t l y  a f t e r  launch when t h e  v e h i c l e  

was s t i l l  i n  a dawn-dusk o r b i t .  An example of a  nearly-complete o r b i t  

of d a t a  i s  p l o t t e d  ve r sus  magnetic l a t i t u d e  i n  F igure  6 ;  a l t i t u d e  and 

geographic Longitude a r e  i nd ica t ed  a t  t h e  top  of t h e  f i g u r e .  The 

upper p l o t  shows t h e  behavior  of t h e  i o n  composition, which i s  dominated 

by 0' ions ove r  most of the  path. The l a r g e s t  concen t r a t ion  i s  observed 



near  p e r i g e e ,  a s  might be  expected.  The ion  concen t r a t i ons  a r e  

g e n e r a l l y  l a r g e r  i n  t h e  n o r t h e r n  (summer) hemisphere,  and a  c a r e f u l  

examination r e v e a l s  t h a t  t h i s  i s  n o t  e n t i r e l y  an  a l t i t u d e  e f f e c t .  

The asymmetry of t h e  molecular  i ons  about  p e r i g e e  i s  q u i t e  

extreme; t h e r e  i s  an  o r d e r  of magnitude more molecular  i o n s  a t  450 km 

a t  h igh  l a t i t u d e s  t han  a t  low l a t i t u d e s ,  though t h e  0' c o n c e n t r a t i o n  

i s  n e a r l y  t h e  same. When t h e  OGO V I  d a t a  a n a l y s i s  i s  f u r t h e r  a long  

and comparisons wi th  t h e  n e u t r a l  spec t rometer  aboard can be  made i t  

w i l l  be p o s s i b l e  t o  t e l l  whether t h i s  asymmetry i s  r e l a t e d  t o  d i f f e r e n c e s  

i n  t h e  n e u t r a l  a tmospheric  composi t ion o r  t o  d i f f e r e n c e s  i n  t h e  

i o n i z i n g  p roces se s  a t  t h e s e  l o c a t i o n s  (or  t o  some o t h e r  e f f e c t s ) .  

On e i t h e r  s i d e  of t h e  sou the rn  po l a r  r e g i o n  t h e  concen t r a t i ons  

'+ -4 
of H and H e  become impor tan t .  Near 40"s l a t i t u d e ,  o', H', and He 

f 

a r e  all. p r e sen t  i n  comparabPe, bu t  r a p i d l y  changing, amounts. Poleward 

3 
of t h i s  I1 f a l l s  o f f  r a p i d l y ,  and He' somewhat more s lowly.  Whether 

t h i s  behavior  i s  a l s o  p re sen t  a t  g r e a t  h e i g h t s ,  and thus  marks t h e  

plasmapause boundary, cannot  be  determined from t h i s  d a t a  a lone ,  Over 

t h e  south  p o l a r  r eg ion  (near  apogee) t h e  ionosphere  becomes s o  s t r u c t u r e d  

t h a t  t h e  curve  f i t t i n g  technique  i s  no longer  u s e f u l .  

The second p l o t  i n  F igu re  6 shows how t h e  i o n  temperature  v a r i e s  

a long the  o r b i t ,  Ferhaps t h e  most s t r i k i n g  f e a t u r e  i s  t h e  h igh  i o n  

temperature  i n  the  sou t l r e rn  (win te r )  hemisphere, p a r t i c u l a r l y  on t h e  

dusk s i d e ,  T .  c l imbs s t e e p l y  t o  4000°K south  of t h e  magnetic equa to r ,  
1 

and t h i s  cannot be  simply an a l t i t u d e  e f f e c t ,  though i t  does co r r e l a t e  

~ i t h  a r ap id  dec rease  i n  the t o t a l  i o n  concen t r a t i on .  The minimum 

value  of T .  occurs  at Low a l t i t u d e  near  t h e  dawn magnetic equa tor  
3 



c ros s ing ,  The v a l u e  of 1100°K is  i n  reasonable  agreement wi th  t h e  

expected n e u t r a l  gas  temperature f o r  t h i s  s o l a r  epoch. T ,  appears  
1 

t o  be approaching a  secondary minimum nea r  t h e  southern  po la r  reg ion ,  

bu t  a s  s t a t e d  above, i t  was no t  p o s s i b l e  t o  ana lyze  d a t a  i n  t h e  h igh ly  

s t r u c t u r e d  r eg ion  over  t h e  po la r  cap. This  minimum i n  T a t  high 
i 

sou the r ly  l a t i t u d e s  may r e f l e c t  t h e  f a c t  t h a t  t h e  s o l a r  z e n i t h  a n g l e  

i s  a maximum h e r e  i n  t h e  s u b s a t e l l i t e  ionosphere,  A l t e r n a t i v e l y ,  i t  

might be  r e l a t e d  t o  evapora t ive  cool ing  by plasma t h a t  i s  escaping t h e  

-2 -1 
ionosphere.  A t  t h e s e  l a t i t u d e s  a  l a r g e  plasma escape f l u x  (%lo8 cm s e c  

has  been observed (Parks,  %969),  Because t h e  i o n  concen t r a t ions  were 

l a r g e r  i n  t h e  no r the rn  p o l a r  reg ion  some of t h e  d a t a  could be analyzed 

i n  s p i t e  of t h e  s t r u c t u r e  wi th  some s a c r i f i c e  i n  accuracy; no l a r g e  

anomalies i n  T occurred.  The dashed s e c t i o n  shown i n  t h e  Northern i 

po la r  r eg ion  r e p r e s e n t s  t h e  magnetic l a t i t u d e s  no t  covered on t h i s  o r b i t .  . 
Values deduced f o r  t h e  v e h i c l e  p o t e n t i a l  a r e  shown i n  t h e  nex t  p l o t .  

It i s  not  expected t h a t  t h i s  quan t i t y  can  be  determined wi th  g r e a t  

accuracy because of u n c e r t a i n t i e s  i n  c o n t a c t  p o t e n t i a l  d i f f e r e n c e s  between 

t h e  sensor  head and the  v e h i c l e ,  Also, some of t h e  s c a t t e r  i s  due t o  t h e  

meehod of a n a l y s i s ,  which d id  not  f i x  t h e  s t a r t i n g  po in t  of t h e  r e t a r d i n g  

p o t e n t i a l  sweep wi th  g r e a t  accuracy because of t h e  pre l iminary  d a t a  

format- avai labl le ,  (The technique used d i d  n o t  compromise t h e  v o l t a g e  

sweep r a t e ,  which i s  needed t o  determine T The va lues  of + deduced i ' 

f a l l  i n  t h e  range  -I t o  -4 v o l t s ,  and a r e  no t  unreasonable va lues .  

The Last- p l o t  i n  Figure 6 shows t h e  v a r i a t i o n  i n  t h e  f a s t  e l e c t r o n  

f l u x e s  observed. These va lues  a r e  obta ined  simply by d iv id ing  t h e  



i n i t i a l  nega t ive  c u r r e n t  (po in t  A i n  F igu re  2 )  by t h e  e f f e c t i v e  aper-  

t u r e  (AK)of t h e  sensor .  These c u r r e n t s  could a r i s e  from atmospheric  

photoe lec t rons ,  secondary e l e c t r o n s ,  photo emission from t h e  suppressor  

g r i d ,  o r  even by t h e  r e l e a s e  of pho toe l ec t rons  from t h e  s k i n  of t h e  

v e h i c l e  ( t h e  l a t t e r  seems r a t h e r  u n l i k e l y  f o r  such h igh  energy e l e c t r o n s ) .  

Thei r  energy normal t o  t h e  c o l l e c t o r  must exceed t h e  suppressor  g r i d  

p o t e n t i a l  (-9.1 v o l t s )  p lus  t h e  v e h i c l e  p o t e n t i a l  un le s s  they  a r e  

r e l e a s e d  from t h e  suppressor  g r i d  i t s e l f .  Not aPP e x t e r n a l  e l e c t r o n s  

s a t i s f y i n g  t h e s e  cond i t i ons  would b e  c o l l e c t e d  e i t h e r  because t h e  

c o l l e c t o r  subtends a  s o l i d  ang le  from t h e  a p e r t u r e  l e s s  than  27r. The 

e f f e c t i v e  s o l i d  ang le  depends on t h e  energy of t h e  e l e c t r o n s  a s  w e l l  

as t h e  p o t e n t i a l  on t h e  r e t a r d i n g  g r i d .  I n  s p i t e  of t h e s e  u n c e r t a i n t i e s  

t h e  magnitudes of t h e  f l u x e s  deduced (%lo8 cm-2sec-1) appear t o  b e  i n  

reasonable  consonance wi th  what might b e  expected f o r  ambient photo- 

e l e c t r o n s .  

The r e l e a s e  of e l e c t r o n s  from t h e  suppressor  g r i d  s t r u c t u r e  by 

s o l a r  UV is  a f u n c t i o n  of t h e  angle  between t h e  sun and t h e  normal t o  

t h e  t r a p  f ace ,  and t h e  magnitude of t h e  r e s u l t a n t  c u r r e n t  can be  

determined exper imenta l ly .  Some va lues  f o r  t h e  photo emission c u r r e n t  

a s  a  func t ion  of t h i s  ang le  were obta ined  on o r b i t  36 when t h e  OPEP 

was scanning,  and they a r e  shown i n  F igu re  7. Curiously,  t h e  c u r r e n t  

does n o t  peak when t h e  sun is normal t o  t h e  t r a p  f a c e ,  bu t  has  two 

maxima, one nea r  45 degrees and one nea r  60 degrees.  This  behavior  

i s  probably due t o  t he  f a c t  t h a t  t h e  suppressor  g r i d  r e p r e s e n t s  a r a t h e r  



s t e e p  maximum i n  e l e c t r o n  p o t e n t i a l ,  which dec reases  r ap id ly  towards 

both t h e  c o l l e c t o r  and t h e  r e t a rd ing  g r i d .  A t  sma l l  s o l a r  angles  

n e a r l y  a l l  t h e  photo emission occurs  on t h e  r e t a r d i n g  g r i d  s i d e  of 

suppressor  g r i d  w i r e s  and r e l a t i v e l y  few of t h e  e l e c t r o n s  a r e  a b l e  t o  

reach  t h e  c o l l e c t o r .  A t  l a r g e r  s o l a r  a n g l e s  t h e  underside of t h e  

suppressor  g r i d  w i r e s  become exposed and t h e  r e s u l t i n g  c o l l e c t o r  c u r r e n t  

i n c r e a s e s  t o  a  secondary maximum and then  dec reases  because t h e  e f f e c t i v e  

a p e r t u r e  a r e a  f a l l s  o f f  r a p i d l y  a t  l a r g e  s o l a r  angles .  For s o l a r  ang le s  

g r e a t e r  than  5 1  degrees  d i r e c t  s o l a r  UV can  reach  t h e  s o l i d  suppressor  

g r i d  suppor t  r i n g  and t h e  emission c u r r e n t  x i s e s  r a p i d l y  t o  i t s  maximum 

va lue ,  '%he t o t a l  angu la r  width of t h i s  peak ag rees  q u i t e  we l l  wi th  

t h e  va lue  18" obta ined  from t h e  sensor  geometry shown i n  F igu re  1. 

The presence  of even a  l a r g e  photo emission c u r r e n t  does no t  

s e r i o u s l y  d e t r a c t  from t h e  v a l i d i t y  of t h e  i o n  measurements, provided 

t h a t  t h i s  c u r r e n t  does n o t  change r a p i d l y  wi th  t ime,  because t h e  i o n  

c u r r e n t s  a r e  r e f e renced  t o  zero  a t  t h e  ( cons t an t )  nega t ive  c u r r e n t  

p re sen t  a t  l a r g e  p o s i t i v e  r e t a r d i n g  p o t e n t i a l s  ( s ee  F igure  2 ) ,  

The r a t h e r  symmetric peak observed i n  F igure  6 i n  t h e  e l e c t r o n  

f l u x  near  t h e  dawn equator  is  usua l ly  p r e s e n t ,  though t h e  width i n  

l a t i t u d e  v a r i e s  g r e a t l y ,  It may be caused by s o l a r  UV emission wi th in  

t h e  senso r  head, bu t  a  f i n a l  de te rmina t ion  must awai t  t h e  complete 

s a t e l l i t e  a t t i t u d e  information u l t i m a t e l y  a v a i l a b l e .  A t  h igher  l a t i t u d e s ,  

u sua l ly  above 60" magnetic l a t i t u d e ,  t h e  n a t u r e  of t h e s e  nega t ive  

c u r r e n t s  changes ab rup t ly ,  Large v a r i a t i o n s  i n  magnitude can occur  

over  very smal l  d i s t a n c e s ,  and the  magnitude can  be cons iderably  l a r g e r  



(or sma l l e r )  than observed a t  lower l a t i t u d e s .  We b e l i e v e  t h i s  

change i n  c h a r a c t e r  may be  r e l a t e d  t o  t h e  edge of t h e  e n e r g e t i c  p a r t i c l e  

t rapping  zone o r  poss ib ly  t o  t h e  plasmapause boundary. 

Discussion of E r ro r s  

Determinat ion of T . :  
1 

On many occasions a t  middle and low l a t i t u d e s  a sequence of 

t e n  o r  more succes s ive  der ived  va lues  of T .  w i l l  d i f f e r  by l e s s  than  
1 

one percent  from a s t r a i g h t  l i n e  drawn through t h e  p o i n t s  (which may 

have zero  s l o p e ) .  This  i s  p a r t i c u l a r l y  t r u e  when t h e  sequence time 

i s  t e n  seconds r a t h e r  than  f o r t y  seconds,  s o  t h a t  t h e  va lues  a r e  

de r ived  over  a r e l a t i v e l y  sma l l  s p a t i a l  domain. One such c a s e  i s  

shown i n  F igure  8, where T is  p l o t t e d  ve r sus  l a t i t u d e ,  and a l t i t u d e  
i 

5s  t n d i c a t e d  a t  t h e  top  of t h e  f i g u r e ,  Most of t h e  d a t a  p o i n t s  shown 

d e v i a t e  from t h e  ( a r b i t r a r y )  s t r a i g h t  l i n e  by l e s s  than  0.5% and a l l  

t h e  p o i n t s  d i f f e r  from t h e i r  mean va lue  by l e s s  than  1 .5%.  The missing 

p o i n t s  were e l imina ted  b e f o r e  a n a l y s i s  because of obvious d e f i c i e n c i e s  

d u e  t o  t e l eme te r  dropout.  The worst  f i t t i n g  po in t ,  nea r  6.5', had a 

statistical d e v i a t i o n  more than  twice  a s  l a r g e  a s  any of t h e  o t h e r  

p o i n t s  and could be  ignored on t h i s  ground. The d a t a  were obta ined  

a t  che lowest  (8 k b i t )  in format ion  r a t e  wi th  a mode c y c l e  per iod  of 

t e n  seconds, Since t h e  behavior  of T .  dep ic t ed  i n  F igure  8 i s  r e l a t i v e l y  
3. 

common, i t  i s  obvious t h a t  t h e  i n t e r n a l  cons is tency  of t h e  method f o r  

de r iv ing  t h i s  parameter from t h e  d a t a  i s  q u i t e  good and c l e a r l y  no 

l a r g e  random e r r o r s  a r e  p r e s e n t ,  I n  s p i t e  of t h i s  t h e r e  a r e  o t h e r  



c o n s i d e r a t i o n s  t h a t  p l ace  l a r g e r  l i m i t s  on t h e  a b s o l u t e  accuracy 

of t h e  T. de te rmina t ion .  
1 

I n  t h e  absence of h o r i z o n t a l  s t r u c t u r e  t h e  f i t  of (2 )  t o  t h e  

d a t a  i s  g e n e r a l l y  q u i t e  s a t i s f a c t o r y .  The average  percentage  d e v i a t i o n  

of t h e  p o i n t s  from t h e  t h e o r e t i c a l  curve can  be  s o  smal l  t h a t  i t  i s  

d i f f i c u l t  t o  o b t a i n  a f e e l i n g  f o r  t h e  p r e c i s i o n  o b t a i n a b l e  i n  t h e  Ti 

parameter by i n s p e c t i o n  of  a  curve such a s  F igu re  4. For t h i s  reason 

a p l o t  of a ve r sus  t r i a l  T va lues  i s  shown i n  F igu re  9 f o r  t h e  d a t a  i 

shown i n  F igu re  10. The l e a s t  squares  technique  a c t u a l l y  f i n d s  t h e  

b e s t  p a i r s  of Ti and $ va lues  f o r  a g iven  v a l u e  of one o r  t h e  o t h e r  

and then  seeks  t h e  minimum va lue  of a a long  t h i s  path.  (The co r re s -  

ponding $I v a l u e s  a r e  a l s o  p l o t t e d . )  It can  be  seen  from t h e  f i g u r e  

t h a t  a  r a t h e r  sharp  minimum i n  a e x i s t s  n e a r  t h e  b e s t  va lue  of T * i 

t h e  "noise l e v e l "  i n  cr is such t h a t  t h e  r e s o l u t i o n  of b e t t e r  than  one 

pe rcen t  i n  Ti i s  r e a d i l y  ob ta inab le  i n  t h i s  q u i t e  t y p i c a l  i n s t a n c e ,  

This  conclus ion  i s  c o n s i s t e n t  wi th  t h e  d a t a  shown i n  F igure  8, 

The deduced va lue  of T .  depends on t h e  r e t a r d i n g  v o l t a g e  sweep 
7. 

r a t e ,  dU/dt; hence any u n c e r t a i n t i e s  i n  t h i s  s l o p e  w i l l  be  r e f l e c t e d  

i n  a n  a b s o l u t e  u n c e r t a i n t y  i n  t he  der ived  v a l u e s  of T When t h e  i 
3- 

c u r r e n t  f o r  a  s i n g l e  i o n  mass ( i . e . ,  0 ) i s  being analyzed t h e  

der ived  temperature depends on t h e  square  of dU/dt (Hanson, e t  a l , ,  

1964) ,  so  t h a t  t h e  a b s o l u t e  unce r t a in ty  i n  T i s  twice  a s  l a r g e  a s  t h e  i 

u n c e r t a i n t y  i n  dU/dt. This  has  been v e r i f i e d  by us ing  r e t a r d i n g  

p o t e n t i a l  s lopes  5 percent  l a r g e r  and sma l l e r  t han  normal i n  the Seast 

squa res  program, The r e s u l t i n g  va lues  of T do indeed d i f f e r  by 10  i 



percent  from t h e  normal va lue ,  bu t  t h e  s t a t i s t i c a l  f i t  i s  cons iderably  

worse i n  both cases .  When more than  one i o n  mass is  p re sen t ,  i t  i s  

found t h a t  t h e  u n c e r t a i n t y  i n  t h e  de r ived  va lues  of T depends l e s s  
i 

d r a s t i c a l l y  on t h e  u n c e r t a i n t y  i n  dU/dt. The vo l t age  sweep r a t e  

was determined t o  w i t h i n  - 4- 1 pe rcen t  p r i o r  t o  launch. Any sys t ema t i c  

changes t h a t  occur  i n  dU/dt subsequent t o  f l i g h t  can b e  a s c e r t a i n e d  

w i t h  g r e a t  p r e c i s i o n  s i n c e  U i s  monitored every sweep. Analys is  of ~ 

some of t h e  f l i g h t  d a t a  i n d i c a t e s  t h a t  t h e  sweep i s  indeed very  l i n e a r ,  

and t h e  observed s l o p e  dur ing  t h e  e a r l y  f l i g h t  phase ag rees  w i th  t h e  

p r e f l i g h t  va lue  w i t h i n  experimental  e r r o r ,  

In  most ca ses  t h e  de t e rmina t ion  of T .  is based p r i n c i p a l l y  on 
1 

9 
t h e  changes i n  t h e  0 c u r r e n t  a s  U i s  swept. It i s  assumed h e r e  t h a t  

9. 
t h i s  current.  i s  due s o l e l y  t o  0 , though i t  i s  known from mass spectrom- 

eter measurements (Johnson, 1966) t h a t  up t o  10  percent  N+ may be  

p r e s e n t ,  The consequences of t h i s  assumption on t h e  der ived  va lues  

of T .  have been checked by gene ra t ing  t h e o r e t i c a l  c o l l e c t o r - c u r r e n t  
n 

+ -I- 
ve r sus  U curves  wi th  d i f f e r e n t  c o n c e n t r a t i o n  r a t i o s  of N t o  0 and 

+ 
then  ana lyz ing  them assuming t h a t  on ly  0 i s  p re sen t .  The r e s u l t s  a r e  

summarized i n  Table 1, They i n d i c a t e  t h a t  t h e  percentage e r r o r  i n  t h e  

deduced va lue  of T .  i s  approximately one t e n t h  of t h e  percentage  of N 
9 

1 

p r e s e n t ,  It i s  c l e a r  t h a t  t h e  e r r o r s  i ncu r red  i n  T .  a s  a  r e s u l t  of 
1 

t h e  s p e c i f i c  neg lec t  of N' a r e  smal l  ( < I % )  - un le s s  unexpectedly l a r g e  

amounts of N' should occur .  I n  any even t ,  i t  i s  the  sum of t h e  a c f u a l  

+ "i'r 
N and 0 concen t r a t ions  t h a t  w e  p r e s e n t  a s  t h e  0' concen t r a t ion .  



Table I 

T i ( O K )  J, ( v o l t s )  
N+/o+ Actual  Calc . Actual  Calc. 

2 -3 When t h e  molecular  i o n  concen t r a t ion  i s  g r e a t e r  than  10 cm 

t h e i r  c u r r e n t s  a l s o  c o n t r i b u t e  apprec iab ly  t o  t h e  de te rmina t ion  of Ti, 

Thus i t  is  important  t h a t  t h e  average mass of t h e s e  ions  should b e  

known wi th  some p rec i s ion .  A p a r t i c u l a r  c h a r a c t e r i s t i c  curve was 

analyzed i n  d e t a i l  t o  determine t h e  consequences of t h e  assumed 

molecular mass on t h e  de r ived  va lue  of T The d a t a  were t ape  recorded 
i" 

i n  t h e  40 second mode-cycle on o r b i t  138 a t  400 km a l t i t u d e  and a t  1 7  

degrees e a s t  geographic l ong i tude  and 50.6 degrees no r th  geomagnetic 

l a t i t u d e .  Only one f o u r t h  of t h e  d a t a  p o i n t s  recorded were used i n  

ehe a n a l y s i s .  The r e s u l t s  a r e  shown q u a l i t a t i v e l y  i n  F igu re  PO where 

it i s  ev iden t  t h a t  t h e  b e s t  f i t  is  achieved by assuming t h e  molecular  

Pons have a n  average mass of 30 AMU. The q u a n t i t a t i v e  parameters 

a s s o c i a t e d  wi th  t h e s e  curves a r e  summarized i n  Table I1 where by f a r  

t h e  s m a l l e s t  a is  a l s o  a s s o c i a t e d  wi th  mass 30. This  does n o t  imply 

t h a t  only NO' was p re sen t ,  o r  indeed t h a t  it was t h e  p r i n c i p a l  molecular  

i o n ,  ALE t h a t  can b e  i n f e r r e d  is  t h a t  t h e  average molecular mass was 

claser t o  30 &1U than t o  28 AMU o r  32 AMU. 



Table 11 

Molecular Molecular Ion  
dusve Ion Mass Ion  Conc. Temperature 0 

(AMtJ (cme3) (OK) (percent )  

The i o n  temperatures  der ived  assuming 28 AMU and 32 AMU f o r  

t h e  molecular i o n  mass c i i f fe r  by 3.6% and 11.4%, r e s p e c t i v e l y ,  from 

t h e  va lue  obta ined  assuming 30 AMU. These d i f f e r e n c e s  a r e  consid- 

e r ab ly  Larger than  t h e  s c a t t e r  i n  t h e  Ti d a t a  obta ined  i n  t h e  absence 

of molecular  i o n s ,  s o  i t  is c l e a r  t h a t  c a r e  needs t o  be taken i n  

a s s ign ing  a mass number t o  t h e  heavy i o n s  t o  avoid degrading t h e  

deduced va lues  of T  The c o l l e c t o r  c u r r e n t  va lues  near  t h e  s a t u r a t i o n  
i ' 

reg ion  a r e  r e l a t i v e l y  uninfluenced by t h e  presence of t h e  smal l  concen- 

tratio1-i of molecular  i ons  and a n  a n a l y s i s  of only t h e  d a t a  p o i n t s  

g r e a t e r  t h a n  one t h i r d  the  s a t u r a t i o n  c u r r e n t  y i e l d s  Ti = 1380°K, 

in very good agreement with t h e  va lue  obta ined  us ing  mass 30. One 

m i g h t  argue from t h i s  tha t  T  should be  determined from only t h e  upper i 

portion of t h e  d a t a ,  and t hen  one should s e p a r a t e l y  deduce t h e  molecular  

i o n  e o n c e n t r a ~ i o r i .  I n  t h e  presence of h o r i z o n t a l  f i n e  s t r u c t u r e  i n  

t h e  ion  concen t r a t ion ,  however, t h i s  would be undes i r ab le ,  a s  w i l l  

be d i s cus sed  lacer,  



A l l  t h e  d a t a  shown i n  F igure  6 were analyzed wi th  t h e  assumption 

t h a t  t h e  molecular  i o n s  were of mass 30 &iU. I f  i t  i s  discovered t h a t  

t h i s  assumption about  t h e  molecular  ion  mass causes a  s e r i o u s  degrada t ion  

of t he  Ti va lues  t h e  d i f f i c u l t y  can be e l imina ted  f o r  most of t h e  d a t a  

a t  some i n c r e a s e  i n  t h e  expense of d a t a  processing by t h e  technique 

discussed.  Another r e a l  check on t h e  v a l i d i t y  of t h e  assumption of t h e  

molecular i o n  mass can b e  provided from t h e  i o n  mass spectrometer  on 

OGO V I ,  which should provide  an  independent measure of t h i s  quan t i t y .  

In t h e  presence  of f a s t  e l e c t r o n  f l u x e s  t h e  i o n  c u r r e n t s  a r e  

measured from t h i s  background nega t ive  c u r r e n t  ( s ee  F igure  2), which 

i s  assumed t o  be cons t an t  and independent of U. Of course  a s  soon 

as IJ is  Pow enough t h a t  an  apprec i ab le  i on  c u r r e n t  i s  p re sen t  t h e  

dependence of t h e  nega t ive  c u r r e n t  on U cannot be  observed. On occas ion ,  

t h e  ang le  of a t t a c k  of t h e  ins t rument  is  inc reased  by purposely r o t a t i n g  

Ehe OPEP, and on t h e s e  occas ions  t h e  i o n  c u r r e n t  begins a t  much lower 

va lues  of U; even then ,  however, no change i n  t h e  nega t ive  cu r r en t  i s  

de t ec t ed ,  Within t h e  plasmasphere t h e  nega t ive  c u r r e n t s  a r e  u sua l ly  

very  smal l  compared t o  t h e  ion  c u r r e n t s ,  and it i s  un l ike ly  t h a t  any 

s i g n i f i c a n t  e r r o r  i n  T i s  occasioned i n  t h i s  way. A t  h igh magnetic l a t i -  
i 

t udes ,  and a t  high a l t i t u d e s ,  t h i s  may no t  b e  t r u e  a s  l a r g e  changes 

can occur i n  t h e  nega t ive  c u r r e n t s ,  and t h e  ion  c u r r e n t s  can become 

q u i t e  small .  Under t h e s e  cond i t i ons  t h e r e  a r e  a l s o  usua l ly  l a r g e  

h o r i z o n t a l  g r a d i e n t s  i n  t h e  i on  concen t r a t ions  and no a t tempt  has  been 

made t o  analyze t h e  d a t a ,  



A f a c t o r  which could have an apprec i ab le  e f f e c t  on t h e  der ived  

va lues  of T. i s  t h e  unknown convect ion v e l o c i t y  of t h e  plasma i n  t h e  
1 

ionosphere.  The q u a n t i t y  v t h a t  appears  i n  (2)  i s  t h e  r e l a t i v e  

v e l o c i t y  of t h e  v e h i c l e  wi th  r e spec t  t o  t h e  plasma, bu t  i n  f a c t  w e  

u se  the  v e h i c l e  v e l o c i t y  i n  t h e  e a r t h ' s  frame of re ference .  Thus, 

any 6 x B d r i f t  s f  t h e  plasma is  unaccounted f o r  i n  ou r  a n a l y s i s .  

When t h e  analyzed i o n  c u r r e n t s  can be  a t t r i b u t e d  s o l e l y  t o  0' t h e  

presence  of x B d r i f t  i s  n o t  e a s i l y  de t ec t ed .  Fac to r s  a s  l a r g e  a s  

2 i n  Ti, w i th  g r e a t l y  d i f f e r e n t  v e h i c l e  p o t e n t i a l s ,  can be  f i t t e d  t o  

t h e  d a t a  q u i t e  w e l l  when - ' i s  assumed a s  l a r g e  2  kmlsec. Some 
~2  

upper l i m i t s  on t h e  assumed d r i f t  v e l o c i t i e s  can b e  s e t ,  i . e . ,  t h e  

v e h i c l e  p o t e n t i a l  should n o t  b e  p o s i t i v e ,  b u t  even so ,  l a r g e  u n c e r t a i n t i e s  

i n  T can a r i s e .  5 

When ion  e u r r e n t s  due t o  d i f f e r e n t  mass i ons  a r e  p re sen t  t h e s e  

u n c e r t a i n t i e s  a r e  cons iderably  reduced because an  a d d i t i o n a l  c o n s t r a i n t  

i s  placed on t h e  r e l a t i o n s h i p  between T and t h e  v e h i c l e  p o t e n t i a l ,  i 

$,e., t h e  c h a r a c t e r i s t i c  energy width of t h e  i n d i v i d u a l  i on  c u r r e n t s  

mi v cos 0 
i s  p r o p o r t i o n a l  t a  ( ) and t h e  energy displacement of t h e  ion  

i 
2  

c u r r e n t  curves i s  p ropor l lona l  t o  (m v2 cos  8) .  This  r e s t r i c t i o n  i 

is exemplif ied i n  F igure  I1 where t h e  observed ion  c u r r e n t  charac- 

f e r i s t i s  ( t h e  s a m e  one shown i n  F igure  10) nas been f i t  wi th  d i f f e r e n t  

assumed va lues  of v when apprec i ab le  molecular  i ons  a r e  p r e s e n t ,  The 

q u a n t i t a t i v e  parameters  a s s o c i a t e d  wi th  t h e  curves  i n  F igure  10 a r e  
- - 
E x %  sunmxirized i n  Table 111, I n  t h i s  case  i t  appears  t h a t  ---- d r i f t s  

~2 



-1 
normal t o  t h e  sensor  f a c e  a s  l a r g e  a s  200 m s e c  would n o t  be  

unnoticed,  and even then  t h e  va r i ance  i n  t h e  deduced va lue  of Ti 

i s  no t  excess ive ,  In f a c t  t h e  s i t u a t i o n  i s  somewhat worse than  

dep ic t ed  because of t h e  u n c e r t a i n t y  i n  t h e  molecular i o n  mass, which 

could probably be  r a t i o n a l i z e d  t o  g i v e  a  good f i t  wi th  e i t h e r  p l u s  o r  

-1 
minus 200 m s e c  I n  p r a c t i c e ,  however, t h e r e  i s  an i o n  spectrometer  

on OGO V% t h a t  can remove any such ambigui t ies .  A t  t h i s  e a r l y  s t a g e  

in t h e  d a t a  a n a l y s i s  no such comparisons have been made. 

Table I11 

RePa t i v e  Molecular Ion 
Curve Veloc i ty  Ion  Conc. Temperature B 

(kmlsec) (cm-3) (OK) (percent )  

h t  i s  not  expected t h a t  l a r g e  e r r o r s  w i l l  accrue  a t  low magnetic 

La t i t udes  from t h e  n e g l e c t  of plasma d r i f t ,  s i n c e  t h e  v e l o c i t i e s  a r e  

Likely t o  be sma l l  w i t h i n  t h e  plasmasphere. The c o r o t a t i o n  e l e c t r i c  

- l 
f i e l d  gives r i s e  t o  an east-west plasma d r i f t  of approximately 500 m s e c  

near t h e  equator ,  bu t  because of t h e  nea r ly  po la r  o r b i t  only a  smal l  

cumpcinent o f  t h i s  v e l o c i t y  i s  normal t o  t h e  sensor  f a c e .  (The angle  of 



a t t a c k  i s  o f f s e t  approximately 4 degrees  by t h e  c o r o t a t i o n ,  bu t  t h i s  

does n o t  a l t e r  t h e  normal v e l o c i t y  component used i n  t h e  a n a l y s i s . )  A t  

h igh  magnetic l a t i t u d e s  plasma d r i f t  v e l o c i t i e s  may become q u i t e  l a r g e ,  

and could in t roduce  apprec i ab le  e r r o r s  i n  t h e  a n a l y s i s .  There i s  a n  exper- 

iment i n  t h e  OGO V I  t h a t  measures t h e  component of t h e  e l e c t r i c  f i e l d  

r e s p o n s i b l e  f o r  t h e  d r i f t  normal t o  t h e  senso r  f a c e  when t h e  s a t e l l i t e  

is  i n  a noon-midnight o r b i t  plane,  so it  nay  be  p o s s i b l e  t o  q u a n t i t a t i v e l y  

i n v e s t i g a t e  t h e  s e v e r i t y  of t h i s  problem in t h e  f u t u r e .  

Another parameter t h a t  could a f f e c t  t h e  e r r o r  i n  T  i s  t h e  a n g l e  
i 

of a t t a c k ,  I n  p r i n c i p l e  t h e  yaw and r o l l  components of 0 a r e  he ld  a s  

c l o s e  t o  ze ro  as p o s s i b l e  by t h e  v e h i c l e  o r i e n t a t i o n  system un le s s  t h e  

OPEP i s  being purposely scanned o r  t h e  v e h i c l e  turned t o  overcome windup 

a long  t h e  s o l a r  paddle r o t a t i o n  ax i s .  I d e a l l y ,  t h e  OPEP scan  a x i s  i s  kept  

po in t ing  a t  t h e  c e n t e r  of t h e  e a r t h .  S ince  t h e  o r b i t  i s  s l i g h t l y  e l l i p t i c a l  

t h i s  would induce a  f i n i t e  p i t c h  d e v i a t i o n  i n  t h e  OPEP a n g l e  of a t t a c k  

except  a t  apogee and per igee .  The ampli tude of t h i s  e f f e c t  i s  approximately 

4 degrees  f o r  t h e  a c t u a l  o r b i t ,  The system-deduced va lue  of 0 i s  supp l i ed  

in t h e  r e g u l a r  d a t a  format s o  t h a t  t h e  a c t u a l  a n g l e  of a t t a c k  can be allowed 

o r .  I n  p r a c t i c e  0 appears  never t o  exceed 5 degrees ,  except  under t h e  

s p e c i a l  c o n d i t i o n s  noted above, and even t h i s  maximum va lue  would a f f e c t  

t h e  de r ived  T. and n .  va lues  by l e s s  than  one percent  i f  8 were assumed 
1 1 

t o  be ze ro ,  

On one occasion when the  OPEP was scanning (yaw r a t e  ~ 1 . 6  degrees  

sec- l )  i n  a r a t h e r  uniform p a r t  of t h e  ionosphere t h e  ion  temperature 

deduced a t  -9 = 20° was ca l cu la t ed  t o  be 2082°K when t h e  proper  va lue  of 

0 was used and 1969°K when 0 - 0" was assumed. The va lue  of Ti deduced 



when 0 was a c t u a l l y  near  zero was 2 0 6 5 ' ~ .  Thus i t  appears  t h a t  B can 

u s u a l l y  be  s a f e l y  assumed t o  be zero  dur ing  normal ope ra t ions ,  and t h a t  

r e l i a b l e  va lues  of T can be recovered even when 8<20°, provided t h a t  
i - 

0 i s  g iven ,  

Equation 2, from which t h e  p re sen t  r e s u l t s  a r e  ob ta ined ,  i s  

based on the  so-ca l led  "planar  approximation, ' '  i . e . ,  i t  i s  assumed 

t h a t  t h e  e l e c t r i c  f i e l d  a s s o c i a t e d  wi th  t h e  v e h i c l e  p o t e n t i a l  i s  

e n t i r e l y  normal t o  t h e  sensor  f ace .  Thus a l l  i ons  e n t e r i n g  t h e  t r a p  

will have energy E$ added t o  t h e i r  energy component normal t o  t h e  t r a p  

face. The purpose of t h e  wi re  s c reen  surrounding t h e  sensor  head i s  

t o  improve t h e  v a l i d i t y  of t h i s  approximation. The r a t i o  of t h e  plasma 

shea th  l e n g t h  t o  t h e  l i n e a r  dimension of t h e  e q u i p o t e n t i a l  s u r f a c e  

surrounding t h e  a p e r t u r e  i s  important  i n  t h i s  regard .  Q u a n t i t a t i v e  

e v a l u a t i o n  of t h e  a p p r o p r i a t e  c o r r e c t i o n  i s  q u i t e  complicated,  but  some 

s p e c i a l  c a s e s  have been considered t h e o r e t i c a l l y  (Knudsen, 1966; Whipple, 

9969)-  The c o r r e c t n e s s  of t h e  approximation v a r i e s  cons iderably  over 

t he  o r b i t  s i n c e  t h e  shea th  l e n g t h  i s  p ropor t iona l  t o  ( i $ / ~ n . ) " ~ ~  and 
2 1 
I 

bo th  t h e  v e h i c l e  p o t e n t i a l  and e l e c t r o n  ( ion)  concen t r a t ion  e x h i b i t  

Large changes. Qual i ta tSvely ,  however, t h e  e f f e c t s  of t r a n s v e r s e  

e l e c t r i c  f i e l d s  i n  t h e  shea th  will be  l e s s  important  f o r  i o n s  wi th  

l a rge  mass than  f o r  those  wi th  smal l  mass. This  i s  t r u e  because t h e  

m i  V 
energy width, ) of t h e  c u r r e n ~ - v o l t a g e  c h a r a c t e r i s t i c  curve i s  

i 
propor t iona l  to t h e  square  r o o t  of t h e  ion  mass, so t h a t  smal l  spur ious  

changes i n  ion  energy wi1.L e o n s t i k u t e  a  smal le r  e r r o r  f o r  heav ie r  mass 

i o n s ,  I n  a d d i t i o n ,  t he  heavy Ions  r e c e i v e  smal le r  energy p e r t u r b a t i o n s  



f r om t h e  t r a n s v e r s e  e l e c t r i c  f i e l d s  because of t h e i r  l a r g e r  i n e r t i a ,  I n  

p r a c t i c e  i t  has  always been p o s s i b l e  t o  ach i eve  an  e x c e l l e n t  f i t  t o  (2)  

9 4- 
i with  t h e  observed 0 i o n  c u r r e n t s ;  t h i s  i s  n o t  always t h e  c a s e  f o r  t h e  H 

4- 
and H e  components. To d a t e ,  no a t t empt  has  been made t o  c o r r e c t  f o r  t h e s e  

e f f e c t s  i n  t h e  a n a l y s i s  of t h e  d a t a ,  bu t  q u a l i t a t i v e l y  i t  i s  a n t i c i p a t e d  

t h a t  they should i n c r e a s e  t h e  deduced v a l u e s  of T  s i n c e  t h e  n e t  e f f e c t  
i 

i s  t o  i n c r e a s e  t h e  spread i n  t h e  normal component of t h e  i o n  ene rg i e s .  

The q u a l i t y  of t h e  T d a t a  i s  adve r se ly  a f f e c t e d  by g r a d i e n t s  i n  
i 

n a long  t h e  o r b i t a l  pa th ,  bu t  n o t  s o  s e v e r e l y  a s  might be  expected,  i 

Consider t h e  r a t h e r  extreme c a s e  where n  changes by a  f a c t o r  of  two 
i 

dur ing  t h e  t i m e  t h e  c o l l e c t o r  c u r r e n t  i n c r e a s e s  by (say)  a  f a c t o r  of 

3 10 , Since  T .  v a r i e s  a s  (where l 2 p  (U) 3112 f o r  f  i$O) 
1. 

t h i s  would r e s u l t  i n  an e r r o r  of a t  most 20 pe rcen t  i n  Ti. More l i k e l y  

changes i n  ni, say  l O  pe rcen t  du r ing  t h e  same t i m e  per iod ,  g ive  r ise 

t o  less than  a 3 percent  u n c e r t a i n t y  i n  Ti. It would appear  t h a t  q u i t e  

r ea sonab le  va lues  of Ti can be  ~ b t a i n e d  i n  t h e  presence  of r a t h e r  l a r g e  

concen t r a t i on  g r a d i e n t s ,  provided t h a t  t h e  c o l l e c t o r  c u r r e n t  can be  

measured over a s u f f i c i e n k l y  l a r g e  dynamic range  i n  a  s h o r t  enough t i m e .  

I n  t h e  presence  of s t r u c t u r e  t h e  10 second mode-cycle t i m e  y i e l d s  b e t t e r  

T *  da ta  than  does t h e  40 second mode-cycle t ime.  
X 



F i n a l l y ,  a sys t ema t i c  e r r o r  i n  t h e  der ived  va lues  of Ti 

i s  t o  be  expected because t h e  g r i d s  do n o t  e s t a b l i s h  p e r f e c t l y  

uniform p o t e n t i a l  su r f aces .  Not only  a r e  t h e  ions  defocussed by 

t r a n s v e r s e  e l e c t r i c  f i e l d s  near  t h e  g r i d  w i re s ,  b u t  a l s o  t h e r e  a r e  

f i e l d  depress ions  i n  t h e  h o l e s  between g r i d s  t h a t  cause t h e  

e f f e c t i v e  sweep v o l t a g e  t o  be  sma l l e r  t han  t h a t  app l i ed  t o  t h e  

g r i d  wires .  (Hanson and McKibbin, 1961; Knudsen, 1966.) Both 

t h e s e  e f f e c t s  would tend  t o  i n c r e a s e  t h e  der ived  va lues  of Ti. 

An a t tempt  t o  eva lua t e  t h e s e  e f f e c t s ,  which might r a i s e  Ti by 

s e v e r a l  pe rcen t ,  i s  now being undertaken. 

Comparisons a r e '  now being made w i t h  t h e  va r ious  r a d a r  back 

s c a t t e r  f a c i l i t i e s ,  which a l s o  d i r e c t l y  measure Ti. When t h e s e  

d a t a  have been processed t h e  r e s u l t s  should show whether o r  n o t  

t h e  parameter w e  i d e n t i f y  a s  Ti from t h e  l e a s t  squares  f i t  a c t u a l l y  

corresponds t o  t h e  r e a l  ion  temperature.  



Determination of n  i ' 

Laboratory t e s t s  have shown t h a t  t h e  t ransmiss ion  f a c t o r ,  K, 

of t h e  gr id-s tack  is  0.410 - + .005 f o r  i ons  i n  t h e  app ropr i a t e  energy 

range; t h i s  is  e s s e n t i a l l y  equal  t o  t h e  o p t i c a l  t ransmiss ion  f a c t o r .  

It is t h i s  v a l u e  t h a t  i s  employed i n  (2)  f o r  d a t a  reduct ion .  Other 

cons ide ra t ions ,  however, probably in t roduce  l a r g e r  u n c e r t a i n t i e s  i n  

t h e  der ived  v a l u e s  of 11 and aga in  t h e  problems a r e  more s e v e r e  f o r  
i ' 

l i g h t e r  ions .  The f a c t  t h a t  t h e  a p e r t u r e  has  a  f i n i t e  t h i ckness  (damn!) 

r a t h e r  than  a  knife-edge in t roduces  some f u z z i n e s s  i n  t h e  va lue  of A, 

which depends on Ti, $, and m bu t  g e n e r a l l y  reduces t h e  e f f e c t i v e  i 

a p e r t u r e  a r ea .  Also, f o r  l a r g e  thermal  i o n  v e l o c i t i e s ,  t h e  d i s p e r s i o n  

of t h e  i o n s  pas s ing  through t h e  a p e r t u r e  can become apprec i ab le  and 

n o t  a l l  w i l l  s t r i k e  t h e  c o l l e c t o r .  Both of t h e s e  e f f e c t s  tend t o  g i v e  

+ 
an underes t imate  of t h e  i o n  concent ra t ion .  For 0  and heav ie r  i o n s  

t h e  e r r o r s  in t roduced  by t h e s e  e f f e c t s  under most cond i t i ons  do n o t  

exceed a few pe rcen t ,  and even f o r  l i g h t e r  i o n s  t h e  i n c r e a s e  i n  normal 

v e l o c i t y  due t o  t h e  v e h i c l e  p o t e n t i a l  t ends  t o  minimize t h e  e f f e c t s .  

S t i l l ,  c o r r e c t i o n s  a s  l a r g e  a s  20 percent  o r  more may be  a p p l i c a b l e  f o r  

f 
N i ons ,  

To some e x t e n t  t h e  focuss ing  e f f e c t  of t h e  s r ansve r se  e l e c t r i c  

f i e l d s  i n  t h e  shea th  tends  t o  o f f s e t  t h e  r educ t ion  i n  e f f e c t i v e  

a p e r t u r e  a r e a  d iscussed  above, p a r t i c u l a r l y  f o r  l a r g e  v e h i c l e  p o t e n t i a l s .  

Quane i t a t i ve  eva lua t ion  of t h e s e  va r ious  f a c t o r s  is q u i t e  complicated 



and a t  p re sen t  no a t tempt  has  been made t o  c o r r e c t  f o r  them. About 

+ 
a l l  t h a t  can be  s a i d  a t  t h i s  s t a g e  i s  t h a t  t h e  0 and molecular i on  

' concen t r a t ions  a r e  u n l i k e l y  t o  be  i n  e r r o r  by more than  10 pe rcen t ,  

b u t  a f i r m  f i g u r e  f o r  t h e  l i g h t  i ons  is  d i f f i c u l t  t o  e s t ima te ,  

Due t o  a  f a i l u r e  i n  t h e  s o l a r  paddle a r r a y  ( t h r e e  weeks a f t e r  launch)  

t h e  v e h i c l e  p o t e n t i a l  became very  l a r g e  (s-20 v o l t s )  when t h e  paddles  were 

exposed t o  s u n l i g h t .  A t  such l a r g e  p o t e n t i a l s  t h e  r e t a r d i n g  p o t e n t i a l  i s  

unable t o  b i a s  t h e  ambient i ons  from t h e  c o l l e c t o r ,  and even i f  t h i s  

were p o s s i b l e  i t  is un l ike ly  t h a t  r e l i a b l e  T o r  n  va lues  could b e  
i i 

obta ined ,  though t h e  duc t  mode s t i l l  seems t o  b e  operable .  Upon passage 

i n t o  e c l i p s e  t h e  v e h i c l e  p o t e n t i a l  recovers  q u i t e  r a p i d l y ,  and some of 

t h e s e  t r a n s i t i o n  d a t a  have been examined. The analog d a t a  from one 

p a r t i c u l a r  t r a n s i t i o n  from h igh  t o  low v e h i c l e  p o t e n t i a l  a s  t h e  

s a t e l l i t e  passed i n t o  s o l a r  e c l i p s e  i s  shown i n  F igure  12. S ince  

only analog d a t a  a r e  a v a i l a b l e ,  t h e  l e a s t  squa res  a n a l y s i s  has  n o t  

been app l i ed  s o  t h a t  mass composition d a t a  a r e  no t  a v a i l a b l e .  By 

i n s p e c t i o n ,  however, i t  i s  es t imated  t h a t  t h e r e  a r e  approximately 

4 - 3 4 -1- -3 2 x kO l i g h t  i ons  cm and SO 0 i ons  cm Approximate va lues  f o r  

v e h i c l e  p o t e n t i a l  a t  s e v e r a l  p o i n t s  a r e  a l s o  shown i n  t h e  f i g u r e .  The 

analog d a t a  t o  t h e  l e f t  of t hose  shown i n  F igu re  12 were very  s i m i l a r  

t o  t h e  f i r s t  curve,  and d a t a  recorded f o  t h e  r i g h t  were very  s i m i l a r  

t o  t h e  Last  curve shown, a l t h ~ u g h  $J d i d  even tua l ly  decrease  t o  approxi- 

mately -3  v o l t s .  F igure  12 2s a  blowup of t h e  t r a c e  where $J decreased 

q u i t e  d rama t i ca l ly .  The s a t u r a t i o n  ion  c u r r e n t  a l s o  decreased b y  nea r ly  



20 percent  dur ing  t h i s  mode-cycle and cont inued t o  do so  u n t i l  

became l e s s  t han  -5 v o l t s ,  The t o t a l  s a t u r a t i o n  c u r r e n t  change 

was 33 pe rcen t ,  i . e . ,  t h e  ion  concen t r a t ion  would have been over- 

est imated i n  t h i s  i n s t a n c e  by 50 pe rcen t ,  i f  shea th  focuss ing  were 

ignored. Such d i s t o r t i o n  e f f e c t s  should  b e  l a r g e r  f o r  smal le r  i o n  

concen t r a t ions ,  and sma l l e r  i n  t h e  absence of l i g h t  i ons  and a t  

g r e a t e r  i o n  concen t r a t ions .  A subsequent change i n  t h e  s o l a r  paddle 

a r r a y  occurred a f t e r  s e v e r a l  months such t h a t  t h e  v e h i c l e  p o t e n t i a l  

i s  much sma l l e r  i n  s u n l i g h t ,  though s t i l l  of t h e  o rde r  of -10 v o l t s .  

It remains t o  b e  seen  whether u s e f u l  Ti v a l u e s  can  b e  recovered from 

t h i s  d a t a ,  

It should a l s o  be  kept  i n  mind t h a t  t h e  above cons ide ra t ions  

neg lec t  any e f f e c t s  due t o  E x 5 motion o r  t o  v e r t i c a l  streaming of 

t h e  ions  i n  t h e  p o l a r  reg ions  (Banks and HoEzer, 1969). Electrodynamic 

d r i f t  i n t o  t h e  t r a p  f a c e  would cause an  ove res t ima te  of ni, whereas 

d r i f t  a c ros s  t h e  senso r  a x i s  would tend  t o  cause  ions  e n t e r i n g  t h e  

a p e r t u r e  t o  m i s s  t h e  coZlec tor ,  The l a t t e r  e f f e c t  w i l l  n o t  be  very  

important un le s s  t h e  d r i f t  speeds approach o r  exceed t h e  s a t e l l i t e  

v e l o c i t y .  

Summary 

I n i t i a l  r e s u l t s  obtained from t h e  r e t a r d i n g  p o t e n t i a l  ana lyse r  

on 060 V I  a r e  very  encouraging. I t  appears  t h a t  r e l i a b l e  measurements 

of i on  temperature are being obtained,  b u t  comparison with o t h e r  

techniques (e.ga r ada r  backsca t t e r )  a r e  needed t o  e s t a b l i s h  t h i s  



conclus ive ly .  The ion  temperature i s  observed t o  be cons iderably  

h ighe r  i n  t h e  win te r  hemisphere than  i n  t h e  summer hemisphere, 

Because t h e  c o l l e c t i o n  e f f i c i e n c y  f o r  heavy ( > I 4  AMU) i o n s  is  

n e a r l y  cons t an t  and reasonably  w e l l  understood, t h e  r a t i o  of t h e  atomic 

( i . e .  atomic oxygen and n i t r o g e n )  i o n  concen t r a t ion  t o  t h e  molecular  

i o n  concen t r a t ion  can be determined wi th  good p r e c i s i o n ,  p a r t i c u l a r l y  

i f  t h e  molecular  ion  s p e c i e s  a r e  independent ly i d e n t i f i e d  and t h e i r  

t o t a l  concen t r a t ion  exceeds 100 i o n s  per  cub ic  cent imeter .  

+ + 
The concen t r a t ions  of H and He can a l s o  be  determined when they 

C 
are an  apprec i ab le  f r a c t i o n  of t h e  0 i o n  concen t r a t ion ,  bu t  wi th  l e s s  

confidence.  The l i g h t  i o n s  can be  de t ec t ed  a t  on ly  a few percent  of t h e  

4- 
0 concen t r a t ion  but  they  cannot  be r e l i a b l y  sepa ra t ed  u n l e s s  t h e i r  sum 

i s  g r e a t e r  t han  approximately t e n  percent  of t h e  0' concent ra t ion .  

E lec t ron  f l u x e s  w i t h  e n e r g i e s  g r e a t e r  than  approximately 1 0  ev 

a r e  observed i n  t h e  daytime, bu t  w i th  l i t t l e  d i r e c t i o n a l  information.  

The i r  source  has  not  y e t  been i d e n t i f i e d  bu t  i t  seems l i k e l y  t h a t  i n s i d e  

t h e  plasmasphere they a r e  due a t  l e a s t  i n  p a r t  t o  ambient photoe lec t rons .  

F ine  s t r u c t u r e  i s  observed i n  t h e s e  f l u x e s  poleward of approximately 60' 

magnetic l a t i t u d e  and t h e  appearance of t h i s  s t r u c t u r e  may mark t h e  

boundary of t h e  e n e r g e t i c  t rapped  p a r t i c l e  reg ion ,  o r  poss ib ly  t h e  plasma- 

pause, even a t  low a l t i t u d e s .  

The measurements have revea led  cons ide rab le  h o r i z o n t a l  f i n e  

s t r u c t u r e  i n  i on  concen t r a t ion  down t o  very  smal l  f r a c t i o n a l  ampli tude 

changes, On occasion a t  Pow l a t i t u d e s  t h e  ionosphere i s  observed t o  be 



smooth t o  one p a r t  i n  a  thousand over d i s t a n c e s  of s e v e r a l  hundred 

k i lometers .  Over t h e  po la r  reg ions ,  on t h e  o t h e r  hand, l a r g e  

' h o r i z o n t a l  concen t r a t ion  g r a d i e n t s  e x i s t .  F r a c t i o n a l  changes ~f 

a  f a c t o r  of two i n  a  few k i lome te r s  a r e  no t  uncommon; t h e  ampli tude 

of t h i s  s t r u c t u r e  appea r s  t o  be g r e a t e r  a t  h igher  a l t i t u d e s .  

The use fu lnes s  of t h e  measurements of t h e  RPA w i l l  b e  g r e a t l y  

enhanced i n  t h e  f u t u r e  when o t h e r  ionospher ic  parameters  a l s o  measured 

i n  OGO V I  w i l l  b e  s imul taneous ly  a v a i l a b l e .  
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, Fig.  l, Schematic c ros s - sec t ion  of t h e  sensor  head, t o  s c a l e ,  Cross- 

hatched s e c t i o n s  a r e  i n s u l a t o r s .  The p l a c e  l abe l ed  C i s  t h e  

c o l l e c t o r ,  and t h e  bottom s u r f a c e  i s  t h e  s k i n  of t h e  e l e c t r o n i c s  

box, 

F ig ,  2 ,  A p l o t  of raw d a t a  ou tpu t ,  t a p e  recorded a t  t h e  8 k b i t  t e lemet ry  

r a t e ,  showing one complete c y c l e  of both modes. Top t r a c e  is 

t h e  e l ec t rome te r  ou tpu t ,  t h e  middle t r a c e  i s  from t h e  switched 

words, and t h e  lowest  t r a c e  is  a r econs t ruc t ed  r e t a r d i n g  v o l t a g e  

sweep. P o i n t s  A, B, C ,  and D a r e  d iscussed  i n  t h e  t e x t .  Although 

t h e  d a t a  were taken a t  t h e  8 k b i t  r a t e  i n  t h e  40 second mode-cycle, 

on ly  every f o u r t h  d a t a  p o i n t  i s  shown so t h a t  t h e  po in t  d e n s i t y  

corresponds t o  t h a t  of t h e  10 second mode-cycle. 

Pig. 3 ,  Three i l l u s t r a t i v e  t r a c e s  of t h e  d i f f e r e n c e  a m p l i f i e r  ou tput  

i n  t h e  duc t  mode a r e  shown. Tick marks a t  l e f t  d i v i d e  v e r t i c a l  

s c a l e  i n t o  t h r e e  5 v o l t  s ec t ions .  The percent  i n d i c a t o r  i s  

a p p l i c a b l e  only  t o  t h e  lowest  t r a c e .  The d a t a  were recorded 

i n  r e a l  t ime a t  t h e  64 k b i t  r a t e  and p l o t t e d  wi th  a  computer 

p l o t t e r .  Negative changes i n  t h i s  s i g n a l  correspond t o  p o s i t i v e  

g r a d i e n t s  i n  i on  concen t r a t ion .  The c h a r a c t e r  of t h e  t r a c e s  

i s  d iscussed  i n  t h e  t e x t .  

F i g ,  4 ,  Replot of raw d a t a  i n  F igure  2 ,  showing ion  c u r r e n t  ve r sus  

r e t a r d i n g  p o t e n t i a l .  So l id  p o i n t s  a r e  t h e  observed d a t a  and 

the  s o l i d  l i n e  i s  t h e  l e a s t  squares  f i t  of equat ion  ( 2 ) ,  

4'- 
Molecular i ons  and 0 a r e  p re sen t ,  



Fig.  5. Current-vol tage c h a r a c t e r i s t i c  curve  taken when l i g h t  i ons  

+ + 
(H' and He ) and 0 a r e  p re sen t .  The s o l i d  l i n e  is  t h e  

t h e o r e t i c a l  equat ion  (2)  us ing  t h e  ionospher ic  parameter 

v a l u e s  shown i n  t h e  f i g u r e .  The d a t a  were t a p e  recorded at. 

t h e  8 k b i t  r a t e  us ing  t h e  40 second mode-cycle per iod .  

Fig.  6 .  P l o t  of one n e a r l y  complete o r b i t  of reduced d a t a ,  showing 

i o n  composition, i on  temperature,  v e h i c l e  p o t e n t i a l  and 

e l e c t r o n  f l u x  a s  func t ions  of magnetic l a t i t u d e ,  a l t i t u d e  and 

geographic longi tude .  The a r e a s  des igna ted  "Polar Cap" r e f e r  

t o  r eg ions  wi th  l a r g e  h o r i z o n t a l  s t r u c t u r e  i n  i o n  concen t r a t ion  

and e l e c t r o n  f l u x .  Thei r  boundar ies  may mark t h e  edges s f  t h e  

plasmapause, o r  perhaps of t h e  e n e r g e t i c  p a r t i c l e  t r app ing  

r eg ion .  The d a t a  i s  d iscussed  a t  l e n g t h  i n  t h e  t e x t .  

Fig.  7. P l o t  of photo-emission e l e c t r o n  c u r r e n t  t o  t h e  c o l l e c t o r  

from t h e  elements i n s i d e  t h e  t r a p  head due t o  s o l a r  UV a s  a 

f u n c t i o n  of t h e  ang le  between t h e  sun and t h e  normal t o  t h e  

t r a p  face .  

Fig.  8. P l o t  of va lues  of T .  ob ta ined  from consecut ive  sweeps ve r sus  
1 

magnetic l a t i t u d e ,  showing t h e  in te rna l .  cons is tency  of t h e  

de r ived  parameter c a l l e d  ion  temperature.  The raw d a t a  were 

recorded i n  t h e  t e n  second mode-c-ycle a t  t h e  8 k b i t  r a t e ,  

-q . hrg. 9. P l o t  of t h e  s t a t i s t i c a l - f i t  parameter o ( i n  percent )  ve r sus  

t r i a l  va lues  of Ti f o r  t h e  d a t a  i n  F igure  10. Best va lues  

of Q a r e  a l s o  shown. The l e a s t  squares  program s e l e c t e d  T = E380°K -i. 

a s  t h e  b e s t  f i t .  



Fig.  PO, A composite p l o t  of l e a s t  squares  f i t s  t o  observed d a t a  

assuming d i f f e r e n t  mean molecular  i o n  masses. P l o t s  show 

b e s t  f i t  i s  obta ined  w i t h  a  mean molecular  mass of 30 MU. 

See a l s o  Table %I, 

Fig ,  11. Composite p l o t  of l e a s t  squares  f i t s  t o  t h e  same d a t a  i n  

F igu re  10  assuming d i f f e r e n t  r e l a t i v e  v e l o c i t i e s  between 

t h e  plasma and t h e  sensor  f a c e .  P e r t i n e n t  parameters  f o r  t h e  

d i f f e r e n t  curves  are g iven  i n  Table 111. 

Pig ,  12 ,  P l o t  of raw e l ec t rome te r  d a t a  output  showing t h e  e f f e c t s  of 

changing t h e  v e h i c l e  p o t e n t i a l  from very  h igh  nega t ive  v a l u e s  

t o  more normal v a l u e s  as t h e  s a t e l l i t e  moves i n t o  t h e  darkness .  

The lower curve  i s  a  blowup of t h e  t r a c e  during which t h e  

v e h i c l e  p o t e n t i a l  changed most d r a s t i c a l l y .  The change i n  

t h e  s a t u r a t i o n  i o n  c u r r e n t  dur ing  t h i s  sweep i n d i c a t e s  t h a t  

i o n s  a r e  focussed i n t o  t h e  sensor  a p e r t u r e  a t  l a r g e  v a l u e s  of I$J. 

Data were recorded i n  r e a l  t ime i n  t h e  10  second mode-cycle. 
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