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1.0 INTRODUCTION 

This 90-day summary sc ience  r epor t  f o r  t h e  STS-3/0SS-1 PDP is 
submitted as required by the  "OSS-l/Plasna Diagnostics Package Data 
Management Plan" da ted  January 1982 (Report OSS-l/PDP 82-01, Universi ty  
of Iowa) i n  accordance with the  let ter from A. Martin Eiband, dated 22 
December 1982, Code 420, GSFC F i l e  03496 "OSS-1, Phase 111, Data 

a lys i s . "  Mission opera t ions  and d a t a  a n a l y s i s  is supported through 
r s h a l l  Space F l i g h t  Center Contract  NAS8-32807 f o r  t he  OSS-1 and 
celab-2 PDP e f f o r t .  

Data u t i l i z e d  f o r  t h i s  r e p o r t  has included hard copy data from t h e  
POCC, PDP d a t a  received d i r e c t l y  a t  t h e  North Liber ty  (Iowa) Radio 
Observatory,  processed f l i g h t  d a t a  tapes  (57 hours) ,  and PDP d a t a  from 
the OSS-l/IUE d a t a  tapes  (116 hours).  In  add i t ion ,  a n c i l l a r y  d a t a  on 
t h e  W S  coordinates  i n  hard copy form has been u t i l i z e d .  Anci l la ry  d a t a  
no t  y e t  a v a i l a b l e  inc lude  t h e  best-est imate- t ra jectory and a t t i t u d e ,  t h e  

r a t i o n s  s t a t u s  of key o r b i t e r  subsystems such as t h r u s t e r s  and f l a s h  
evapora tors ,  and t h e  c a t a l o g  of VCAP/FPEG operat ions.  O f  t h e  PDP f l i g h t  
d a t a ,  28 hours have been d isp layed  i n  t e n  minute summary p l o t  format on 

been p l o t t e d  a g a i n s t  time a t  30 minutes p e r  plot. 
color s l i d e s ,  All of t h e  IUE d a t a  (16 s e l e c t a b l e  parameters) h a s  

For t h e  STS-3/0SS-l mission, t he  PDP w a s  t o  ca r ry  out  t h e  following 
cal and s c i e n t i f i c  ob jec t ives :  

1.1 F l i g h t  Tes t  of Systems and Procedures 

F l i g h t  test t h e  systems and procedures and a s soc ia t ed  with t h e  
celab-2 PDP experiment wi th  p a r t i c u l a r  emphasis on the  RMS 

Operations,  on unla tch ing  and r e l a t c h i n g  the  PDP u n i t ,  and on 
eva lua t ing  t h e  RF telemetry l ink .  

1-2 O r b i t e r  EM1 and Plasma Contamination 

easu re  and locate t h e  sources  of f i e l d s ,  
I n t e r f e r e n c e  (EMI) and plasma contamination i n  
O r b i t e r  ou t  t o  15 meters. 

Electromagnetic 
the  environment of t h e  

1,3 O r b i t e r  Wakes and Shocks 

Study t h e  orbi termagnetoplasma i n t e r a c t i o n s  w i t h i n  1 5  meters of  
o r b i t e r  through measurement of electric and magnetic f i e l d s ,  ionized 

particle wakes and generated waves, 

1.4 Electron Gun Beam Diagnostics and P l a s m a  Erfects 

Ascer ta in  t h e  c h a r a c t e r i s t i c s  of t h e  e l e c t r o n  beam emitted from t h e  
o r b i t e r  ou t  t o  a range of 15 meters; measure t h e  r e s u l t s  of beam-plasma 
i n t e r a c t i o n s  i n  terms of f i e l d s ,  waves and p a r t i c l e  d i s t r i b i i t i o i i  
funct ions.  
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The technica l  ob jec t ive  1.1 was discussed i n  the  "STS-3/0SS-l 
Plasma Diagnostics Package (PDP) 30-Day Engineering Report", dated 30 
Apr i l  1982. 
the  PDP and on the  science objec t ives  1.2, 1.3 and 1.4 is presented i n  
t h i s  repor t  in Sections 2.0 through 6.0 and is  summarized i n  
Section 7.0. 
b r i e f l y  described. 

Progress-to-date on the  thermal and pressure environment of 

In Section 8.0, t h e  plan f o r  continued da ta  ana lys i s  is 

2.0 THERMAL AND PRESSURE HISTORY 

With the  a v a i l a b i l i t y  of t he  complete PDP f l i g h t  tape recorded da ta  
and the  OSS-l/IUE PDP d a t a  parameters, it has been possible  t o  e x t r a c t  
t he  PDP thermal and pressure h i s to ry .  

2.1 PDP Thermal Bistory 

The PDP was designed t o  withstand the  thermal extremes of t h e  STS-3 
mission through the  use of hea te rs  and of thermal blankets. The PDP sat 
on t h e  ReleaselEngagement Mechanism (REM) on the  OSS-1 p a l l e t  without a 
co ldp la t e  and was at tached t o  the  RMS f o r  two extended periods, 

Figure 2 , l  g ives  a p lo t  of temperature VS. mission elapsed time MET 
f o r  two temperative sensors. The s o l i d  curve labeled "PDP" is a 
thermistor  i n t e r n a l  t o  the  PDP on the  instrument deck. This point is 
seen t o  reach a minimum of -25°C af ter  the  extensive t a i l - t o  sun cold 
per iod near  MET l/OSOO. At t h i s  po in t ,  the  PDP deck heater w a s  
a c t iva t ed  and holding the  -25OC se tpoin t .  
maximm of 52OC near MET 6/1000 a t  t h e  end of t h e  extensive hot 
top-to-sun period; model ca l cu la t ions  predicted 50°C. Note t h a t  d u r i n g  
t h e  PDP deployment periods e a r l y  on MET Day 3 and Day 4, t h e  PDP warmed 

This same sensor showed a 

up slowly t o  -5OC. 

The dot ted curve i n  Figure 2.1 labeled "ECF" is a thermistor on t h e  
electrical  grapple f i x t u r e  connector which is ex te rna l  t o  t h e  PDP. This 
point  has a very nuch s h o r t e r  thermal time constant. Variations a r e  
more rapid with a minimum of -35°C a t  MET 1/0600 and a maximum of 56°C 
near  NET 6/0400. S t i l l  t h i s  point remains between t h e  hea te r  t r i p  point 
of -32OC and a des i red  upper l i m i t  of 60°C. Consequently, the PDP 
thermal design is considered s u i t a b l e  f o r  Spacelab-2. S i m i l a r  designs 
should work f o r  o the r  spacelab pallet-mounted instruments without 
coldplates .  

2.2 Pressure P r o f i l e  

Pressure i n  the  range of t o  t o r r ,  measured 3 inches from 
t h e  s k i n  of the POP, is p lo t t ed  i n  Figure 2.2 agains t  CMT d u r i n g  t h e  
mission (O/OOOO MET = 81/1600 GMT). J u s t  a f t e r  p a l l e t  ac t iva t ion ,  t h e  
pressure decreased t o  - 10-6 t o r r  and t h e n  slowly decreased over t h e  day 
t o  as low as 10-7 t o r r  which is near ambient l e v e l  f o r  240 km a l t i t u d e .  

The most d i s t i n c t i v e  f ea tu re  of t h e  pressure p r o f i l e  is the 
modulation a t  the  o r b i t  period. 
10'' t o r r  has  a 90 minute o r b i t  period even though the Orbi ter  is 

This va r i a t ion  of between 20'5 t o r r  and  
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r o l l i n g  a t  two-times t h e  o r b i t  r a t e  ( 2  r o l l s / o r b i t ) .  From 
i n t e r p r e t a t i o n  of t he  a t t i t u d e  information, i t  is f o u n d  t h a t  t h e  
p re s su re  peaks when t h e  atmospheric gas is  rammed i n t o  t h e  payload 
bay; the  curve i n  Figure 2.2 can be f i t  w i t h  a log-sine f u n c t i o n .  This 
modulation is  seen also when t h e  PDP is on t h e  RMS d u r i n g  the 
FPEG opera t ions  periods.  
a 6x o r b i t  rate modulation when t h e  Orb i t e r  w a s  r o l l i n g  a t  6x o r b i t  
r a t e  during PTC. 

Note t h a t  on GMT Day 81 near  2200, t h e r e  is 

Ancillary d a t a  g iv ing  t h e  s t a t u s  of O r b i t e r  systems t h a t  might 
a f f e c t  t h e  p re s su re  are no t  completely ava i l ab le .  
primary r h r u s t o r  L2U burn a t  GMT 85/1430, i nc reases  the  pressure t o  
3 x loo4 t o r r .  
t h e  pressure  increased  t o  3 x 10-5 t o r r .  
t h e  top-to-sun a t t i t u d e  but pressure  values as high as 2 x 10-5 were 
recorded--presumably due t o  increased  outgass ing  of t h e  Orb i t e r  bay. 

However, the  

During t h e  t h r e e  minutes of closed payload bay doors,  
Lit t le d a t a  were taken during 

Instruments s e n s i t i v e  t o  p re s su re  v a r i a t i o n s  o r  t o  pressure l e v e l s  
above 
need a pressure  sensor  t o  provide pro tec t ion .  

torr--in t h e  corona region i f  high vol tages  are involved--may 

Figure 2-1 
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3.0 ORBITER RADIATED ELECTROWNETIC FIELDS 

An extensive g e t  of wave f i e l d  receivers  covering the  frequency 
range of 30 Hz t o  800 MBZ and S-Band (2200 MHz) w a s  included on t h e  PDP. 
These receivers  provided a capabi l i ty  t o  character ize  the O r b i t e r ' s  
un i ten t iona l  radiated spectrum and its time v a r i a b i l i t y  and in ten t iona l  
commatnication transmitter's f i e l d  strength. 

3.1 Pallet EMI Levels and T i m  Variations 

One of the  prime PDP measurements w a s  t o  determine t h e  electric and 
magnetic noise spectrum and time v a r i a b i l i t y  due t o  t h e  O r b i t e r  systems. 
It w a s  found that the  magnetic f i e l d  w a s  composed of d i sc re t e  
frequencies and harmonics. 
converters and clocklines. The characteristic amplitude of 
60 dBpT f 20dB did not vary s igni f icant ly  over the mission. 

These emissions are probably due t o  power 

Measurements of the electric f i e l d  emissions showed a broadband 
spectrum which varied by at least 60 dB over time. 
time v a r i a b i l i t y  is shown i n  Figure 3.1 for the  16 VLF channels. Note 
t h a t  changes occur on the  time scale of seconds-probably due t o  
t h r u s t e r  f i r ings .  Also there  is a large var ia t ion on t h e  t i m e  scale of 
tens of minutes which is found t o  be correlated w i t h  t h e  O r b i t e r  orbit 
period. The in t ens i ty  is usually maximum when the O r b i t e r  is in a ram 
attitude-bay i n  t h e  veloci ty  vector direction. This modulation is 
similar t o  t h a t  of the pressure gauge. 

An example of t h e  
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The range of observed electric f i e l d  l eve l s  is p lo t ted  i n  
F igure  3.2, O r b i t e r a s s o c i a t e d  noise  w a s  a s  low as t h e  receiver noise 
l eve l s ,  At frequencies above 300 kUz, t h e  receivers were not s e n s i t i v e  
enough t o  de t ec t  t he  noise  a t  a l l .  
f i e l d s  exceeded t h e  Orb i t e r induced  noise a t  a l l  frequencies. 

When the  FPEG w a s  operated, t h e  

lcn general ,  it is found t h a t  the  Orbi ter  uni tensional  emissions aro, 
a6 t he  spec l e v e l  o r  beldw and t h a t  the  e lectr ic  f i e l d  noise is not due  
t o  Orbi te r  subsystems, but r a the r  t9  the  Orbi te r ' s  i n t e rac t ion  w i t h  t h e  

i n  the  ionosphere, Work.is continuing on t h i s  invest igat ion.  

--- 

'L. IMu ALiGdA++i~;jo€ 

NOISE Tin€ VARiAgiLiTy hli-rki THRUSTERS 
6ur No FPEG 

L Figure 3-1 . 

3.2 UHF and S-Band Transmitter F ie ld  Strengths 

One f i l t e r  channel of t he  PDP High Frequency Receiver covered t h e  
band of 165-400 MHz which includes the 295 MHz frequency of the  UHF 
voice downlink transmitter. When t h i s  t ransmi t te r  was keyed on and 
connected t o  t h e  upper antenna, a s i g n a l  w a s  detected by t h e  PDP. These 
measured f i e l d  s t rengths  were always below 0.5 V/m w i t h  t h e  PDP on t h e  
RMS and below 0.1 V/m a t  the PDP p a l l e t  location. 
f i e l d  s t r eng ths  are given i n  t h e  following table:  

Average and peak 
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Peak - Location/Field Strengths 2 2dB Ave rape 

PDP on Pallet a t  13 meters from Antenna . 0 5  V/m 0 . f )H  V / m  
PDP on RMS a t  8 meters from Antenna . L 3  44 

These leve ls  a r e  w e l l  below the suggested radiated suscep t ib i l i t y  
f i e l d  strengths. 

At S-Band, the 150 w a t t  da ta  downlink t ransmit ter  (2287.5 MHz) can 
produce f i e l d s  which are modeled t o  be 49.6 V/m/R (meters) i n  the beam 
of the se lec ted  "quad" antenna. 
be a t  damage level f o r  payload instruments o r  f o r  satellites being 
manipulated by the RMS. 
. to  measure the  f i e l d  strengths i n  and around the payload bay. These 
measured levels were about 5 dB f 2 d3 higher than t h e  modeled values 
but comparable t o  a crude theo re t i ca l ly  calculated value as follows: 

Even at  many meters, these f i e l d s  could 

The PDP car r ied  a receiver especial ly  designed 

Field Strength Relation 
( V / m >  

Modeled Q 150 Watts 49.6 / R  (meters) 
Measured w i t h  PDP ( 2  2dB) 90.3 /R (meters) 
Calculated @ 150 Watts 94.9 / R  (meters) 

The calculated value assumes t h a t  all of t h e  power is emitted i n t o  

In the  antenna beam, the f i e l d s  exceed 20 V/m ins ide  of 5 meters. 

a hemisphere with 100% eff ic iency.  

However, with t h e  PDP on the p a l l e t  a t  a range of 13.1kters of f  t h e  edge 
of the  beam, the f i e l d s  were not observed a t  t h e  threshold of 2 V / m  
whereas the in-beam predic t ion  would be 7V/m. Consequently, payload bay 

. instrumentation is  not subjected t o  damage l e v e l s .  

IN 
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OR1 
4.0 ORBXTER ION PLASMA ENVIRONMENT 3 F  

(Henry C. Brinton, Joseph M. Grebowsky, Merritt W. Pharo 111, 
Harry A. Taylor, Jr./GSFC) 

The Bennett R.F Ion Mass Spectrometer on the STS-3/0SS-l Plasma 

ureolents of ion  spec t r a  were obtained both i n  the  cargo bay and 
Diagnostics Package (PDP) performed nominally throughout t h e  mission. 

n t  periods i n  which the PDP w a s  operated on the  extended 
t o r  System (RMS) ann. Real tine da ta  obtained from 

s e v e r a l  o r b i t  passes over t h e  North Liber ty  (Iowa) Radio Observatory 
ground s t a t i o n  and playback da ta  obtained w h i l e  t h e  PDP w a s  operated on 
t h e  extended RMS arm have been examined. Ion cur ren ts  observed covered 
t h e  e n t i r e  dynamic range ( 2  x 105) of the  ion  mass spectrometer sys tem 
demonstrated response t o  t h e  extremes of ambient and perturbed plasma 
conditions.  Data tapes  provided were of s u f f i c i e n t  q u a l i t y  t o  enable 
use  of the  GSFC developed software on the  DEC 11/70 computer f o r  i n i t i a l  
d a t a  reduction a c t i v i t i e s .  

Init ial  da t a  processing w a s  concerned w i t h  pos i t ive ly  ident i fy ing  
t h e  atomic mass numbers of t he  detected ion  species. As a n t i c i p a t e d ,  
t h e  effects of electrical charge buildup and/or the  plasma ram veloc i ty  
a l t e r e d  the  ca l ib ra t ed  d i r e c t  r e l a t ionsh ip  between the atomic mass 
number of an ion and the  appl ied spectrometer voltage required f o r  i t s  
detection. The ne t  of such e f f e c t s  upon &he spectrometer range from 
-3 t o  -8 v o l t s  on t he  various da t a  samples studied. 
e na t ion  of a number of ind iv idua l  mass scans w a s  therefore  
undertaken which considered apparent po ten t i a l  s h i f t s  i n  t h e  fundamental 
cur ren t  peaks due t o  spacecraf t  charging as w e l l  as t h e  s h i f t s  i n  t h e  
l oca t ions  of t h e  harmonic de r iva t ives  of t h e  fundamental peaks. This 
ana lys i s  provided a scheme for i den t i fy ing  t h e  atomic mass number of the 
de tec t ab le  ions. A more complete ana lys i s  w i l l  be made once t h e  
o rb i t - a t t i t ude  da t a  are avai lable .  

A de ta i l ed  

Since de t a i l ed  event t imel ine and aspect information for 
determining the  o r i en ta t ion  of t h e  spectrometer o r i f i c e  w i t h  respect t o  
the plasma flow, are not ye t  ava i lab le ,  i t  w a s  not possible t o  determine 

. t h e  exact magnitude of the  ion  concentrations sampled, nor t o  in t e rp re t  
t h e  source of s t rong  f luc tua t ions ,  However, t h e  co l lec ted  ion cur ren ts  
provide t h e  bas i s  f o r  a rough estimate of t h e  r e l a t i v e  abundance of each 
ions  species ,  and of course, t he  var ia t ions  of t h e  ion c u r r e n t s  w i t h  
time r e f l e c t  s imi l a r  var ia t ions  in the  concentrations. Hence t h e  
preliminary evaluat ion of the da ta  considered the. ion currents  only 
w h i l e  one of t h e  immediate f u t u r e  goals w i l l  be t o  convert t h e s e  
cu r ren t s  t o  concentrations, 

Some examples of the  ion cur ren ts  co l lec ted  during t h e  f l i g h t  of 
STS-3/OSS-l are shown in Figures. Three d i s t i n c t i v e  phases of t h e  POP 
operat ions are depicted. F i g u r e  4.1 corresponds t o  ear ly  measurements 
when the PDP w a s  s t i l l  i n  t h e  s h u t t l e  bay w h i l e  Figures 4.2 and 4.3 show 
measurements made on t h e  extended RMS arm. I n  t h e  e v e n t  shown i n  
Figure 4.3, the  e lec t ron  beam created abrupt disturbance O F  a l l  tht. i o n  
currents.  As these  figures show, t h e  most d o m i n a n t  ion species o b s e r v e d  
correspond t o  atomic mass numbers of 16, 18, 30, and 32. The existence 
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of mass numbers 16, 30 and 32 were expected s ince  the s h u t t l e  is  
opera t ing  a t  F-region a l t i t u d e s  where the re  are s u b s t a n t i a l  ambient 
plasma O+ (16 a m > ,  and NO+ (30 am> and 02+ (32 a m )  plasma dens i t i e s .  
The ex is tence  of mass 18, assumed t o  correspond t o  H20+ ions ,  
demonstrates t h a t  t he  s h u t t l e  not only dynamically per turbs  t h e  ambient 
plasma as it  moves through i t ,  but apparent ly  has i t s  own inherent  
atmosphere environment t o  interact with the  ambient medium. 

Further  ana lys i s  of t h e  ion  spectrometer measurements will proceed, 
given operat ions and aspect  data.  From a merging of the o r b i t  and 
a t t i t u d e  da t a  with the  ion  measurements, i t  i s  expected t h a t  geophysical 
v a r i a t i o n s  i n  the  ion concentrat ions may be separated from s h u t t l e  
induced per turba t ions  - f o r  example - t he  not iceable  decreases i n  
cu r ren t  seen i n  Figures 1 and 2 may be of e i t h e r  source. A f u r t h e r  
study w i l l  be made of the i d e n t i f i c a t i o n  of ambient and contaminant ions 
and of composition changes due t o  e l ec t ron  gun and th rus t e r  f i r i n g s .  
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5.0 ORBITER-INDUCED PLASMA WAKE 
(Nobie H, Stone and David L. Reasoner/MSFC) 

The WA/DIFP ins t rument  i s  des igned  t o  provide  t h e  t o t a l  i o n  
c u r r e n t  d e n s i t y ,  energy and tempera ture  (RPA) and t h e  ion flow d i r e c t i o n  
(even  f o r  m u l t i p l e  s t r eams)  and t h e  a s s o c i a t e d  c u r r e n t  d e n s i t y ,  d r i f t  
energy  and tempera ture  of each  stream (DIFP). 

F i g u r e  5.1 i s  a color su rvey  p l o t  which i n c l u d e s  t h e  RPA/DIFP d a t a  
showing; (1) an a t t i t u d e  change of t h e  PDP wi th  r e s p e c t  t o  t h e  o r b i t a l  
v e l o c i t y  v e c t o r  and ( 2 ) ,  two d i s t i n c t  ion streams; i.e.,  t h e  i n t e n s e  ram 
i o n  stream which f lows p a r a l l e l  t o  t h e  v e l o c i t y  v e c t o r  ( lower c r e s c e n t )  
and a f a i n t e r  stream i n c l i n e d  upward a t  45" -50" above the  o r b i t a l  
v e l o c i t y  v e c t o r  (upper  c r e s c e n t )  in t h e  t i m e  i n t e r v a l  of GMT 
85/ 1648-1652. 

A-2 19 



Figure 5.2 shows, schematically,  the  o r i en ta t ion  of the O r b i t e r  
wi th  respect  t o  the  ve loc i ty  vector ,  Vo, during t h e  period i n  which t h e  
d a t a  were obtained. 
i t s  o r i en ta t ion  changed, as indicated,  at  poin ts  1, 2 and 3. It is  t h e  
change i n  orientation of t h e  PDP along the  p a t h  t ha t  produces t h e  
crescent e f f e c t  i n  the  spectrogram. A t  point I ,  t h e  RPA/DIFP looked 
d i r e c t l y  i n t o  the  ram direct ion.  It became perpendicular t o  t h e  f l o w  a t  
point  2, but looked i n t o  the  ram again a t  point 3. The def lec t ion  
voltage on the  DIFP, which is proport ional  t o  angle of a t t ack ,  follows 
t h i s  maneuver prec ise ly ,  being near zero when the  PDP w a s  a t  points 1 
and 3 and highly negative a t  point  2. 

As the  PDP w a s  moved through t h e  indicated p a t h ,  

I 

I 

i Figure 5-2 
SHUTTLE ORIENTATION & PDP TRACK 

A p l o t  of the  DIFP current  as a funct ion of def lec t ion  voltage 
during one sweep, made a t  t i m e  16:49:01.7, is given i n  Figure 5.3 and 
shows t w o  d i s t inc t -peaks .  These peaks a r r i v e  a t  -16 and +26". We 
assume t h a t  t h e  PDP w a s  inc l ined  upward a t  16" and t h a t  Peak No. 1 
represents  the  ram current.  The second ion stream, therefore ,  a r r ived  
a t  an angle of 42" t o  the ve loc i ty  vector. This stream appears t o  
r e s u l t  from ions t h a t  were acce lera ted  by t h e  i n t e rac t ion  w i t h  t h e  
Orbi te r  and have reached the  RPA/DIFP by t rave l ing  over an a r c  of a 
Larmor radius  as indicated i n  Figure 4.3. 
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The streams w e r e  analyzed by a re ta rd ing  po ten t i a l  and both have an 
energy of - 10 ev. 
c lose ly  aligned with the  ve loc i ty  vector. 
be due t o  the  remaining angle of a t t ack ) .  
5 ev, t he  observed energies  suggest a po ten t i a l  -4 t o  -5  vo l t s  on t h e  
PDP. In f a c t ,  the  average po ten t i a l  of t h e  spheres w i t h  respect t o  t h e  
PDP is given by the  yellow “AV” curve i n  t h e  “DC E-Field” p a n e l  as +h 
v o l t s  during the  ion beam. This value means t h a t  the PDP w a s  -6 vo l t s  
with respect t o  t h e  plasma i n  agreement w i t h  t h e  RPA ana lys i s .  

(The RPA i nd ica t e s  an energy of 9 e v  when most 
The difference i n  energy may 
S ince  t h e  ram ene rm of (>+ is 

tcl 085/16:49:01 

- 15 0 415 

DEFLECTION VOLTAGE (VOLTSl 

Figure 5-3 

6.0 ELECTRON BEAW-P INTERACTIONS 

Work on t h e  FPEG beam and i t s  i n t e r a c t i o n  with the plasma has not 
1y. To e f f e c t i v e l y  car ry  out t h i s  invest igat ion,  

a are required. These required da ta  and the  s t a t u s  

Prodded  by JSC as Printout  
S t a t e  Vectors Available on Paper;  
Awaiting BET Tape 
Requires Orbiter-At t i t u d e  Timeline 
J u s t  Received from Utah S t a t e  

Orbiter-Atti tude Tlnteline 

Orb i t e r  Magnetic Afignments 
FPEG F i r ing  Catalog 
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Consequent ly ,  t h e  major holdup is t h e  O r b i t e r - a t t i t u d e  da t a .  Once 
t h i s  in format ion  is  rece ived  and i n t e r p r e t e d ,  t h e  s e p a r a t e  d a t a  sets can 
be  c o l l a t e d  i n t o  a cornmon t i m e l i n e ,  

Addi t ion  VCAP/PDP J o i n t  Beam Search  d a t a  have processed i n t o  survey 
p l o t s .  An example is  g iven  i n  F igu re  6.1 f o r  1982 Day 85 a t  1750 GMT, 
During t h i s  pe r iod ,  t h e  PDP on t h e  RMS being maneuvered t o  s e a r c h  f o r  
t h e  FPEG beam. E l e c t r o n s  are observed up t o  1 keV i n  energy;  low f l u x e s  
o f  ions are observed up t o  250 eV. VLF emiss ions  peak i n  t h e  n.5 -2 kHz 
range. Emission i n  t h e  s e v e r a l  MHz range a r e  probably a s s o c i a t e d  w i t h  
t h e  gyrofrequency (- MHz) and t h e  p l a s m a  frequency (- 10 MHz). E e c t r i c  
f i e l d s  i n  excess of 10V/m and t h e  PDP p o t e n t i a l  of g r e a t e r  than + 12V 
w i t h  r e s p e c t  t o  t h e  p lasma are a l s o  encountered.  

Many of t h e  beam-plasma c h a r a c t e r i s t i c s  observed on-orbi t  were a l s o  
observed  in t h e  JSC P l a s m a  Chamber Tests of March 1981. In  pa ra l l e l ,  
t h e  Chamber T e s t  d a t a  are be ing  processed  through t h e  same a n a l y s i s  and 
d i s p l a y  programs so t h a t  d e t a i l e d  comparisons can be made. 

Figure 6-1 
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7.0 SUMMARY OF PDP 

An overa l l  summary of the environmental and science r e s u l t s  t o  da t e  
is as follows: 

e Orbiter  re la ted  EMI l e v e l s  are s ign f i can t ly  l o w  so that na tura l  noise 
phenomena, F'PEG stimulated waves and Orbi te r induced  wake noise are 
de tec tab le  

- With the bay doors closed, the PDP-detected noise l eve l s  dropped 
t o  the  receiver threshold values f o r  frequencies from 30 Hz t o  
800 MHZ except f o r  magnetic f i e l d  d i s c r e t e  l i n e  emissions a t  
25 Hz, 1 Uz, 25 U z  and harmonics 

- Field s t rength  OLeasurements of the  S-Band communication system are 
approximately a f a c t o r  of two higher than t h e  modeled va lues  

- Stiwllated FPEG waves i n  t h e  Hz t o  MHz ranges were c l ea r ly  
de tec tab le  

- Natural noise  emissions including spherics ,  w h i s t l e r s ,  chorus and 
h i s s  were detected above t h e  background noise leve ls  

- Based on the  observed decrease of EM1 noise leve ls  w i t h  t h e  bay 
doors closed and on the amplitude var ia t ion  of t h e  noise depending 
on O r b i t e r  attitude, i t  is hypothesized t h a t  a broad spectrum of 
e l e c t r o s t a t i c  noise  is being generated by t h e  Orbi ter ' s  motion in 

- t h e  plasma-probably i n  t h e  wake, 
t h e  bay i n  the ram d i rec t ion  

h e  t o  na tu ra l  charging e f f e c t s ,  t h e  O r b i t e r  can reach a few vo l t s  
p o t e n t i a l  with respect  t o  t he  plasma 

'Chis noise is .a maximum w i t h  

- 
- Orbi te rcaused  magnetic f i e l d  per turbat ions are typica l ly  less 

than .OS gauss 

a The presence of t he  Orbi te r  and t h e  Orbi ter  gaseous environment 
produces a plasma environment i n  and near the plasma bay which is 
s i g n i f i c a n t l y  d i f f e r e n t  than the ambient ionospheric plasma 

- Plasma densi ty  and temperature a t  t h e  PDP p a l l e t  Location can vary  
by a t  least 3 orders  of magnitude i n  t h e  time sca le  of m i n u t e s  and 
by a l a r g e r  f a c t o r  depending on the  O r b i t e r  a t t i t u d e  

- Time var ia t ions  i n  pressure of about two orders of magnitude a re  
observed with some corre la t ion  t o  O r b i t e r  RAM/wake a t t i t u d e  and 
t h r u s t e r  operations;  on t h e  scale of minutes, the pressure r e x h e s  
10'5 t o r r  w i t h  t h e  bay i n  t h e  ram di rec t ion  whereas the pressure 
exceeded loo4 f o r  a PRCS j e t  operation. 

Dominant ions include O+, N2+ and 02+ from the ambient 
ionosphere - and H20+ from the  Orbi ter  i t s e l f  , 

Measured plasma energy depends on PDP charging which is 
control led by day/night and RAM/wake e f f e c t s  

- 
- 
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, di rec ted  ion  streams are detected which are probably 
due t o  r e f i l l i n g  of the Orbi te r  wake cavity.  Modulation of t h e  
energy is associated with the  charge state of t h e  PDP 

0 The FPEG e lec t ron  beam undergoes a s t rong  in t e rac t ion  w i t h  the 
ambient ionospheric plasma and perhaps with the Orbi ter  gas cloud and 
l o c a l  plasma 

- Electrons and energized ions reach the PDP i n  its p a l l e t  
t i o n  below t he  FPEG - 

- Waves are s t i au la t ed ,  ions energized and e l ec t rons  deenergized 
and sca t t e red  along the  e l ec t ron  beam column 

- Electrons of 1 keV and below are found within a column of 
t e l y  6 meters diameter-the e lec t ron  gyrodiameter-with 
uniform d i s t r i b u t i o n  i n  f lux 

- Ions with energies  up t o  250 e V  are associated w i t h  t h e  
i n t e r a c t  ion. 

- Signi f icant ly  in tense  VLF and LF waves are stimulated by pulsing 
t h e  FPEG beam 

- Potent ia l s  up severa l  10's of vo l t s  and electric f i e l d s  in 
excess of 10V/r are measured during FPEG operations 

8.0 DATA ANALYSIS PLAN 

Within the l imited resources t o  carry out the OSS-l/PDP da ta  
analysis ,  work is progressing t o  prepare reports  and publications on the 
following topics: 

0 

0 

0 

e 

0 

0 

0 

e 

0 

0 

Potent ia ls  and Electric Fields  of the Orbiter 

Nature o f  the Orbiter-Induced Plasma Wakes 

The Orbi ter  Plasma Environment 

Effects of the  Beam-Rlasma Interact ion 

Character is t ics  of the E lec t ros t a t i c  Noise Generated by t h e  
OrbiterPlasma In te rac t ion  

Description of the OSS-l/PDP System 

Orbiter EMI U v e l s  

+Band and UHF Comaunications Radiated Field S t r e n g t h s  

Power Buss and Microprocessor Performance History 

Pressure Measurements by PDP on STS-3 

Thermal History of t h e  PDP on STS-3 
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These repor t s  and papers are t o  be. the  basis for presentations a t  a 
number of meetings i n  t h e  near future:  

0 ,  European Geophysical Society,  Leeds, England 23-27 August 

Activate Experiments Working Group and Spacelab-l IWG, MSFC, 
30-31 August 

e Workshop on Charging of Large Space S t ruc tures  i n  Polar O r b i t ,  
AFGL, 14-15 September 

NASA/Spacelab Workshop on Orbi te r  Environment, Calverton, 
Maryland, 5-7 October 

* F a l l  AGU Meeting, San Francisco, 7-12 December 

* AIAA Meeting, Reno, 10-14 January 

* URSI Meeting, Boulder, 17-21 January 

0 Spring AGU Meeting, Baltimore, 30 May - 3 June 
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ADIIITIMVS TO 
DR, S ,  SHAIMM 

PRESENTAT I ON 

TABLE 6 

SWlMAFY OF PDP ORBITER ENVIRONMENT MEASUREMENTS 

ORBITER POTENTIAL 

POTENTIAL WITH RESPECT TO PLASMA VARIED UP TO f 5V WITH PDP ON 
RMS 

POTENTIAL VARIATION CONSISTENT WITH V x B * L - 
WHERE 5 = DISTANCE FROM ENGINES TO-PDP- 

ORBITER ALWAYS DRIVEN POSITIVE DURING FPEG OPERATIONS 

EMC/EM I 

NO MICROPROCESSOR ( 2  UNITS) MALFUNCTIONS [WATCH-DOG TIMER 
UTILIZED] 

28V PDP POWER BUSS RANGE: 27.0-31.0 VOLTS 

28V PDP POWER BUSS STEPS: < 1.OV IN 1.6 SECONDS 
< 1.5V IN 5 MINUTES 

ELECTRIC AND MAGNETIC FIELD RADIATED EMISSIONS WITHIN 
SPECIFICATIONS 

ORBITER-PLAS14A INTERACTION GENERATES ELECTROSTATIC NOISE UP TO - 1 V/M 
UHF TRANSMITTER: < 0.1 V/M IN BAY; < 0 . 5  V/M ON RMS 

S-BAND TRANSMITTER: < 2 V/M IN BAY; < 20 V/M ON W S  > 5 M 
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'I 
TABLE 6 

SUMMARY O F  P D P  O R B I T E R  ENVIRONMENT MEASURPIENTS -- 

THERklAL PfRFORlANCE ---__ - _- 
0 F L I G H T  HARDll'hRE MOUNTED ON COLD PLATE, PALLET AND W S  

0 THERMAL CONTROL BY HEATERS, THERMAL BLANKETS AND RADIATING 
I 

SURFACES 

0 ALL TEMPERATURES STAYED W I T H I N  DESIGN L I M I T S  

I PRESSURE MEA_SURMENTS 

0 APPARENT PRESSURE VARIES 10-7 TO 10-5 TORR AT ORBIT PERIOP 

PRESSURE INCREASED TO 3 x 10-4  TORR DURING L ~ U  BURN 

PRESSURE INCREASED TO 4 x 10-5 TORR PURING PAYLOAD BAY DOOR 

WITH MAXIMA AT ASCENDING NODE (RAM I N  NOSE-TO-SUN A T T I T U D E )  

C L O S I N G  (86/21:101 

0 APPARENT PRESSURE IS MODULATED BY PDP ROTATION 

PLASMA CGEO_S_ITION AN9 ENERGY 

0 VERY S I G N I F I C A N T  DENSITY VARIATION FOR DAY/NIGHT AND RAM/WAKE 

0 

0 DIRECTED ION REWlS OBSERVED I N  WAKE AND WHEN O R B I T E R  IS 

H 2 0 t  ORBITER-PRODUCED ION ALWAYS PRESENT 

NEGATIVELY CHARGED 

0 INSTANCES O F  100 eV  I O N S  ANDx ELECTRONS I N  PAYLOAD BAY 

f 400 IvlHz TELEMETRY ANTENNAS n 

HF 
ANTENNA 

I 

I CANGMUIR PROBE 



STS-3 ORBIT ATTITUDE 
MARCH 24,1982 
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TABLE 14 

SHUTTLE BAY 

CURRENT 

0' (anpsi - * . '  . ... . . . . . - * . * . *  * .' 
I- . .  

* 
CSFC ION SPECTRO~LTER~IOUA-PDP 83184 ORDIT 58 US-4 16(.l 18tXl 1 8 ( + )  

CURRENT 
I M P S )  

I- *. 

TABLE 15 i 
PDP ON RMS--ORBITER 

AT DAY-TO-NIGHT TERMINATOR 

c Txnc MC) 
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TABLE 18 

ORBITER DC POTENTIAL 

DAY 83 IIAD THE PDP MOUNTED TO THE PALLET (AND GROUNDED TO ORBITER) 

A PDP MEASURES THE AVERAGE POTENTIAL OF ITS TWIN CARBON COATED SPHERES WITH RESPECT 

TO THE SPACECRAFT GROUND AND OBTAINS A MAXIMUM POSITIVE POTENTIAL OF 3-4 VOLTS 

(NOT COUNTING ELECTRON GUN EMISSION TIMES) AND A MAXIMUM NEGATIVE POTENTIAL OF 

- 2-3 V 

A PEAK POSITIVE POTENTIALS OCCURRED CLOSE TO SUNSET (DURING PAYLOAD BAY WAKE) 

A THE ELECTRON GUN ALWAYS DROVE THE POTENTIAL OFFSCALE POSITIVE ( >  BV) WITH A 

RECOVERY TIME VARIABLE FROM SECONDS TO MINUTES 

A PEAK NEGATIVE POTENTIALS OCCURRED APPROXIMATELY 1/2 ORBIT LATER AT ASCENDING NODE 

(DURING PAYLOAD BAY RAM) 

0 DAY 84 HAD THE PDP ON THE RMS (STILL GROUNDED TO ORBITER) 

A HOURS 16:30 TO 18:30 HAD THE PDP IN A FIXED POSITION THE PAYLOAD BAY.&ND ARE 

SUITABLE FOR COMPARISON TO PREVIOUS DAYS RESULTS 

A ONE ORRIT PERIODICITY STILL EXISTS WITtl - i5V VARIATION 

S -G62-768 

ASCEN Dl NG NODE 

DAY 83 
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