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1.0 INTRODUCTION 

This  r epor t  is in tended  t o  p re sen t  a quick-look a n a l y s i s  of t he  Plasma 

Fur the r  i n t e r p r e t a t i o n  of t he  d a t a  i s  
Diagnos t ics  Package (PDP) e lec t romagnet ic  s p e c t r a l  measurements on t h e  
STS-310SS-1 mission from March 1982. 
awa i t ing  a n c i l l a r y  informat ion  on t h e  ope ra t ion  of O r b i t e r  subsystems, such as 
t h r u s t e r s  and on t h e  d e t a i l e d  t r a j e c t o r y  and a t t i t u d e .  

The PDP r e c e i v e r  system is descr ibed  t o  i d e n t i f y  t h e  var ious  antennas and 
t o  c h a r a c t e r i z e  t h e  complement of r e c e i v e r s  which cover t h e  frequency range of 
30 Hz t o  800 MHz and S-Band a t  2200 5 300 MHz. Sample r e s u l t s  are presented  
t o  show t h e  v a r i e t y  of e lec t romagnet ic  e f f e c t s  a s soc ia t ed  wi th  the  O r b i t e r  and 
t h e  t i m e  v a r i a b i l i t y  of t h e s e  e f f e c t s .  The e lec t r ic  f i e l d  and magnetic f i e l d  
maximum and minimum f i e l d  s t r e n g t h  s p e c t r a  observed dur ing  the  mission a t  t h e  
p a l l e t  l o c a t i o n  are p lo t t ed .  Values are a l s o  der ived  f o r  t he  maximum UHF 
t r a n s m i t t e r  and S-band t r a n s m i t t e r  f i e l d  s t r eng ths .  F i n a l l y ,  c a l i b r a t i o n  d a t a  
t o  convert  from t h e  survey p l o t s  t o  a c t u a l  narrowband and broadband f i e l d  
s t r e n g t h s  are l i s t e d .  

Support f o r  t h e  PDP on t h e  STS-310SS-1 Mission w a s  provided through 
OSS-1 Mission management w a s  provided by NASAIMSFC Contract  NAS8-32807. 

NASAIGSFC. 

2.0 DESCRIPTION OF RECEIVER SYSTEM 

Sensors f o r  t h e  d e t e c t i o n  of magnetic and electric wave f i e l d s  are 
i d e n t i f i e d  i n  F igure  1. Two spheres  of 8 inch  d iameter ,  separa ted  by 1.2 
meters make up t h e  electric d i p o l e  antenna which i s  u t i l i z e d  from DC t o  20 MHz 
i n  frequency. C a l i b r a t i o n  measurements a t  NASAIGSFC before f l i g h t  i nd ica t ed  
t h a t  t h e  e f f e c t i v e  electrical l eng th  of t h i s  d i p o l e  was only 0.22 meters 
because of t h e  proximity t o  t h e  PDP. For h igher  frequency e lec t r ic  f i e l d s ,  a 
broadband s i n g l e  p o l a r i z a t i o n  horn antenna i s  u t i l i z e d .  It covers  t h e  range 
of 20 MHz through S-band a t  2200 MHz. In  a d d i t i o n ,  t he  s e a r c h c o i l  sensor  i s  
used t o  d e t e c t  t h e  magnetic f i e l d  component of e lec t romagnet ic  waves from 
30 Hz t o  178 kHz. 
waves over  t h e  same VLF range of 30 Hz t o  178 lcHz. 

The Langmuir Probe i s  s e n s i t i v e  t o  e l e c t r o s t a t i c  p l a s m a  

A block diagram of t h e  PDP senso r s  and a s soc ia t ed  r ece ive r s  is  shown i n  
F igure  2. One VLF range r e c e i v e r  from t h e  IMP program VLFR-IMP is  switched 
between t h e  electric d ipo le ,  t h e  s e a r c h c o i l  and t h e  Lagnmuir Probe senso r s  
every 51.2 seconds t o  provide 16 channels of VLF spectra--30 Hz t o  178 kHz. 
I n  add i t ion ,  t h e  waveform is  preserved i n  t h e  Wideband Receiver (WBR) and t h i s  
ana log  d a t a  is included i n  t h e  PDP d a t a  stream. Every 12.8 seconds the  WBR 
swi tches  10 kHz bands s e q u e n t i a l l y  covering 0-10 kHz, 20-10 kHz and 20-30 kHz 
f o r  each sensor .  
antenna t o  g ive  a peak and average spectrum every 1.6 seconds. 

The VLFR-HELIOS always is connected t o  the  electric d i p o l e  

The electric d i p o l e  also d r i v e s  t h e  Medium Frequency Receiver (MFR) which 
covers  316 kHz eo 17.8 MHz i n  8 channels.  This MFR sha res  a logar i thmic  
d e t e c t o r  w i th  t h e  High Frequency Receiver (HFR) which has fou r  broadband 
channels  spanning t h e  range of 20 MHz t o  800 MHz. Bandwidths f o r  t h e  VLFR and 
MFR are narrower a t +  15% and k 30%, r e spec t ive ly .  By mixing t h e  S-band 
s i g n a l  down t o  t h e  HFR frequency range, t h e  same l o g  d e t e c t o r  is used f o r  t h e  
SBR by t i m e  mult iplexing.  
1.6 seconds. 

Both peak and average s p e c t r a  are obta in ined  each 
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A summary of the receiver characteristics is given in Table 1. Detailed 
performance specifications for the receivers and the other PDP instrumynt are 
given in Table 2. Note that the stated field strength ranges are only 
approximate. 

PDP on Pallet: Antennas Identified 

Figure 1 
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Table 2 

PDP SCIENTIFIC INSTRUMENTS P E R P O P ~ C E  SPECIFICATIONS 

Fre&nci Ruolution 
litude Resolution 

crop ResoXution 

ux: Electrons 

Amhicmf Prcssure IIonization Cauce ressure Range 
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VALUE/BANCE 
t 12 d l l i lpusc  LO 2 1.5 gauss 

each r x i c  

diff +rmtkI 
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Sk-lkiiz & 0.65.10. 10-20. I 

.I& resolution; 

ond u c b  channel 
12.8 seconds out of 51.2 sec. 1 -1kiiz. 0.65.1Okiiz. 10-2OkHz 
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3x10-8 - 3xlQ3Vm-hI~"~ 12 
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0.6 sample/secwui u e h  channel 
100% 
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can; 51.2 see/ 

1 second sweep every  12.8 sec. 
10 mettrs t o  100 km 
80db @ 5db resolution; 10' - 

I08 em-3 

20-2x108 ions ea-3 
1-64 AMI @ < 1% o v e r l a p  
1.6 seconds for mass sc;m 

10-7 t o  10-3 torr 



3.0 OVERVIEW OF ORBITER AC ELECTRIC FIELD ENVIRONMENT 

I n  Figure 3 i s  presented a 30 minute summary p l o t  of the  PDP measured 
electric f i e l d s  from 30 Hz t o  S-band f o r  GMT DAY 85 20:30 t o  21:OO. 
t h e  f i g u r e  are the  v a r i e t y  of phenomena which have been detected during the  
mission. Note t h a t  f o r  each frequency, t h e  v e r t i c a l  scale represents  
approximately 100 dB of dynamic range. 

Noted i n  

Very s h o r t  bu r s t s  i n  t h e  VLF range near 20:37 and 20:39 are assumed t o  be 
due t o  t h r u s t e r  f i r i n g s .  
has been i d e n t i f i e d  as a broadband e l e c t r o s t a t i c  noise which is  Orbiter- 
a t t i t u d e  dependent--it peaks when t h e  plasma is  rammed i n t o  the  payload bay 
(-Z axis parallel t o  ve loc i ty  vec tor ) .  
t h e  increased i n t e n s i t y  as the  F a s t  Pulse Electron Generator (FPEG) emi t t s  a 
50 m a  beam of 1 keV e lec t rons .  As t h e  PDP is  moved i n  and near the  beam by 
t h e  RMS (Remote Manipulator System), t he  noise  i s  seen i n  the  channels of the 
MFR. Probably these  emissions occur near t he  e l e c t r o n  gyrofrequency (- 1 MHz) 
and the  plasma frequency (3-10 MHz). 

The changing VLF f i e l d  s t r eng th  from 20:30 t o  20:37 

Also very obvious i n  the  VLF range is  

These FPEG generated plasma waves do not extend up i n t o  the  HFR range, 
t yp ica l ly .  A t  271 MHz (165-400 MHz channel of t he  HFR) i s  seen the  UHF 
downlink t ransmi t te r .  Since t h e  PDP is being ro ta ted  and positioned a t  
various poin ts  j u s t  above the  payload bay, i t  sees d i f f e r e n t  S-band f i e l d  
s t r e n g t h  l e v e l s  a s  indicated. 

Some of these  e f f e c t s  are depicted i n  more d e t a i l  i n  t h e  next section. 
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4.0 TIME VARIABILITY OF OBSERVED NOISE 

The fol lowing series of f i g u r e s  i l l u s t r a t e  t he  time v a r i a b i l i t y  of t he  
VLF e lectr ic  f i e l d  no i se  from t i m e  scales of seconds t o  tens  of minutes. 
Typica l ly  only t h e  UHF and S-band t r ansmi t t e r s  are observed above 178 kHz 
because t h e  r ece ive r s  are less s e n s i t i v e  and plasma-related waves do noe 
extend t o  frequency above 10 M H z .  
k i l o h e r t z  t o  20 MHz are not  seen unless  t h e  FPEG i s  operat ing.  

Thus waves a t  f requencies  of a few hundred 

I n  Figure 4 i s  seen a -  60 dB o v e r a l l  amplitude change i n  the  matter 10 
minutes with s h o r t  b u r s t s  of only seconds i n  durat ion.  The o v e r a l l  t rend  is 
a t t r i b u t e d  t o  t h e  O r b i t e r a t t i t u d e  r e l a t e d  e l e c t r o s t a t i c  noise.  Short  bu r s t s  
are most l i k e l y  th rus t e r s .  
whereas f o r  Figure 5 t h e  PDP is  on the  RMS. The o v e r a l l  l e v e l s  are not much 
d i f f e r e n t  but t h e  l e v e l s  do change with PDP ro t a t ion .  This change i n d i c a t e s  
t h a t  t h e  noise  sources  are e i t h e r  s t rong ly  polar ized  o r  what i s  more l i k e l y ,  
l o c a l i z e d  on t h e  Orbi ter .  
f i e l d  which i n d i c a t e s  t h e  PDP ro ta t ion .  

For Figure 4 ,  t h e  PDP is stowed on t h e  p a l l e t  

Note t h a t  BX i s  a component of t he  e a r t h ' s  magnetic 

Experiment and O r b i t e r  systems can d e f i n i t e l y  a f f e c t  the s i g n a l  
s t r eng ths .  When t h e  FPEG opera tes ,  l e v e l s  increase  by - 20 dB. In the  one 
case of a Primary Reaction Control  System (PRCS) j e t  f i r i n g  a t  GMT DAY 85 
14:36, t he  no i se  a c t u a l l y  decreases  a t  t h e  higher  f requencies .  
gas  output may moderate t h e  Orb i t e r  i n t e r a c t i o n  wi th  the  plasma which produces 
t h e  broadband e l e c t r o s t a t i c  noise.  

The momentary 

Evidence t h a t  t h e  broadband e l e c t r o s t a t i c  no ise  i s  not due t o  an Orb i t e r  
subsystem o r  instrument i s  presented i n  Figure 7 a t  the  t i m e  of a payload bay 
door closing. During t h i s  t h ree  minute i n t e r v a l ,  t he  noise  dropped below t h e  
r e c e i v e r  no ise  l e v e l s  at a l l  f requencies .  
o r i g i n a t e  i n s i d e  t h e  bay; i t  is  sh ie lded  by the  doors. 
opened, t h e  no i se  re turns .  I f  t h i s  no i se  is a s i g n i f i c a n t  problem t o  payload 
instrumentat ion,  it can be minimzed by d i r e c t i n g  t h e  bay away from the  
v e l o c i t y  vector.  

Consequently, the  noise  does not  
When t h e  doors are 
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5.0 SPECTRUM OF ELECTROMAGNETIC NOISE 

Use has been made of t h e  Wideband Analop Receiver (WBR) t o  determine t h e  
s p e c t r a l  na ture  of t h e  electric f i e l d  and magnetic f i e l d  noise.  
covering 0 t o  30 lcHz f o r  s e v e r a l  minutes of t i m e  are shown i n  Figure 8. The 
magnetic f i e l d  noise  shows i n t e n s e  l i n e s  wi th  spacings of Hz, Wfz, 10's Wfz, 
and harmonics. Fur ther  work is i n  progress  t o  i d e n t i f y  t h e  exact frequencies  
and t h e i r  change w i t h  t i m e .  It is  surmized t h a t  these  lines are assoc ia ted  
w i t h  d a t a  c locks and power converters .  

Spectra 

On t h e  o t h e r  hand, t h e  electric f i e l d  s p e c t r a  show a "white noise"  
c h a r a c t e r i s t i c  which does not  change much w i t h  t i m e .  
door c los ing ,  weak s p e c t r a l  l i n e s  were evident  s i n c e  t h e  e x t e r n a l  broadband 
n o i s e  w a s  screened out.  Note t h a t  t h e  WBR has an automatic  g a i n  c o n t r o l  so 
t h a t  t h e  amplitude v a r i a t i o n s  of F igure  4 ,  f o r  example, are not  evident.  

During t h e  payload bay 

By s e a r c h i n g  o v e r  extended per iods  while  t h e  PDP w a s  stowed on the  
F a l l e t ,  values  f o r  t h e  minimum and t h e  maximum noise  l e v e l s  have been obtained 
and displayed i n  F igure  9. These va lues  are c a l i b r a t e d  i n  v o l t s  per  meter and 
normalized t o  a 1 MHz bandwidth- The electric scales as 20 log ( e l e c t r i c  
f i e l d ) ,  whereas, t h e  bandwidth scales as 10 l o g  (bandwidth) as t h e  d a t a  are 
presented. Also p l o t t e d  f o r  comparison are t h e  broadband electric f i e l d  
l i m i t s  f o r  t h e  S h u t t l e  itself and f o r  a payload. When t h e  FPEG is not 
opera t ing ,  above t h e  14 kHz c u t o f f ,  t h e  maximum l e v e l  (open c i r c l e s )  does not  
exceed t h e  payload l i m i t .  
t h e  l e v e l s  are increased  by - 20 dB i n  t h e  VLF range. 

When t h e  FPEG o p e r a t e s  with t h e  PDP i n  t h e  beam, 

Narrowband magnetic f i e l d  s t r e n g t h s  are much less v a r i a b l e  (< 2 10 dB) 
from t h e  minimum t o  maximum observed l e v e l s .  These l e v e l s  are not 
O r b i t e r - a t t i t u d e  dependent and i n  f a c t ,  t h e  l e v e l s  were above t h e  maximum 
door-opened l e v e l s  w i t h  t h e  payload bay doors closed. It is  surmized t h a t  
t h e s e  l e v e l s  are due t o  O r b i t e r  subsystems which should be s l i g h t l y  time 
dependent as systems t u r n  ONIOFF. During FPEG opera t ions ,  l e v e l s  i n  the  
1-100 W z  range are increased. 
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6.0 UHF AND S-BAND TRANSMITTER FIELD STRENGTHS 

One f i l t e r  channel  of t h e  PDP HFR covered t h e  band of 165-400 MHz which 
inc ludes  t h e  295 KHz frequency of the  UHF voice downlink t r ansmi t t e r .  When 
t h i s  t r a n s m i t t e r  w a s  keyed ON and connected t o  t h e  upper antenna, a s i g n a l  w a s  
de t ec t ed  by t h e  PDP as shown i n  Figure 3. These measured f i e l d  s t r e n g t h s  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  t h e  PDP 
p a l l e t  loca t ion .  Average and peak f i e l d  s t r e n g t h s  are given i n  t h e  fo l lowing  
t a b l e :  

Locat ion/Field S t r eng ths  2 2dB Peak - Average 

PDP on Pallet  a t  13 meters from Antenna 

These l e v e l s  t e d  s u s c e p t i b i l i t y  
f i e l d  s t r e n g t h s .  

287.5 MHz) can 

could be a t  damage 
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F i e l d  S t r eng ths  Relations 
(v/m) 

P red ic t ed  F i e l d  S t rengths  49.6 /R (meters)  
Measured wi th  PDP (+ 2 dB) 90.3 /R (meters)  
Ca lcu la t ed  @ (150 Watts) 94.9 /R (meters)  

The c a l c u l a t e d  va lue  assumes t h a t  a l l  of t h e  power is  emi t ted  i n t o  a 
hemisphere (2 TI s t e r a d i a n s )  w i th  100% e f f i c i e n c y .  

I n  t h e  an tenna  beam, t h e  f i e l d s  exceed 20 V/m i n s i d e  of 5 meters. 
However, wi th  t h e  PDP on t h e  p a l l e t  a t  a range of 13 meters o f f  t he  edge of 
t h e  beam, t h e  f i e l d s  were not  observed a t  t h e  threshold  of 2 V/m whereas t h e  
in-beam p r e d i c t i o n  would be 7V/m. Consequently, payload bay ins t rumenta t ion  
i s  not  sub jec t ed  t o  damage levels. 

7.3 HFR - 
Because of t h e  v a r i e t y  of bandwidths, t h e  dynamic range is  l i s t e d  i n  the  

fo l lowing  t a b l e :  

Slope Center Freqency Bandwidth Minimum Maximum 

40 MHz 20 - 65 MHz -40 dBV/m +32 dBV/m 16 dB/V 
100 65 - 165 -40 +32 16 
250 165 - 400 -3 1 +4 1 
6 00 400 - 800 -22 +52 16 

l 6  . 
dBV/m- Maximum dB $. 16 dB V/m * Output Voltage -80 dB 

7.4 SBR - 
Only t h e  l i n e a r  d e t e c t o r  on t h e  S-band system operated.  An RF r e l a y  

f a i l u r e  prevented t h e  S-band s i g n a l  from g e t t i n g  t o  t h e  log-detector.  Using 
c a l i b r a t i o n s  a t  GSFC and Iowa before  f l i g h t  and r e -ca l ib ra t ion  a f t e r  f l i g h t ,  
i t  is  determined t h a t  t h e  linear response is  

V/m = 5.7 * Output Voltage a t  2287.5 MHz Boresight 

g i v i n g  a f i t  t o  t h e  f i e l d  wi th  range of about 

90 V/m 
V / m  = R (meters)  

where R i s  t h e  d i s t a n c e  from t h e  S-band quad antenna 
i n  t h e  nominal beam. 

8.0 COMMENTS 

Comprehensive sets of O r b i t e r  no ise  spectrum measurements have been 
obtained.  It i s  found t h a t  t h e  no i se  l e v e l s  do not  exceed the  worst  case 
p r e d i c t i o n s  f o r  t h e  Orb i t e r .  
more s e n s i t i v e  t o  o b t a i n  t h e  sc i ence  and t h e  EM1 d a t a  on Spacelab-2 e s p e c i a l l y  
s i n c e  t h e  PDP measures t h e  O r b i t e r  a t  100 meters range. It is  hoped t h a t  
t h e s e  improvements i n  s e n s i t i v i t y  can be made f o r  Spacelab-2. 

Consequently, t h e  receivers r e a l l y  need t o  be 
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ADDITIONS TO 
DR. s, WAN 
PEW AT 1 ON 

TABLE 4 

S'J'S- ,/PUP RECEIVER CHARACTERISTICS 

\ 'ERY LON FREQUENCY [ V L F R )  

LiOl1RI.E SPHERE At?'I'EI?NA FOR ELECTRIC F I E L D  
S f F F C l i  COIL ANTEItNA COR FIAGNWIC F I E L D  
1 6  (13hl:NELS ( x 2  SYS'l'f.rlS) 
30 HZ To 178  K H Z  
WII3EBAND RECEIVER 30 HZ TO 30 KHZ 

1.1 t DIUM FREQUENCY RECEIVER (ElFR) 

8 CIIA\IJNELS 
31 1 KHZ TO 1 7 . 8  FlHZ 
6 5  i )R  DYNAMIC RANGE 

HIGH FREQUENCY RECEIVER ( H F R )  

4 ( I l / \ N N E L S  
2 0  I.1112 TO 800 F I H Z  

S - B A N D  RECEIVER ( S B R )  

4 CtiItI?NELS WITH I,OG DETECTOR ( F A I L E D )  
1 CIiAtJNEL WITH LINEAR DETECTOR - 7 2 0 0  MHZ r 300 M H Z  

c 
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TABLE 17 

ORBITER-GENERATED ELECTROSTATIC NOISE 

e OBSERVED CHARACTERISTICS 

A SPECTRAL EXTENT - 30 HZ TO 178 KHZ 

A SPECTRAL PEAK - 0.1 VIM e 0.3 KHZ 

A VARIABILITY - 70 DB OVER ORBIT 

A MAGNETIC COMPONENT - NONE DETECTABLE OVER ORBITER MAGNETIC YIELD EM1 

A LOCATION - COMPLETELY DISAPPEARS WITH PAYLOAD BAY DOOR CLOSED1 

IMPLIES EXTERNAL TO ORBITER 

- NO SIGNIFICANT DIFFERENCE WITH PDF ON R n S t  IMPLIES GENEMTED 

IN LARGE VOLUME 

b TllRUSTER RESPONSE - HIGH FREQUENCIES [ >  10' KHZI ARE ATTENUATED 

DURING FIRINGS 

- LOW FREQUENCIES ENHANCED I F  NOT ALREADY PRESENT 

A ORBITER ATTITWOE - MAWdINTENSITY - RAM 
I 

DEPENDENCE - MIN INTENSITY - WAKE 
- SEE LOW FREQUENCY AT ALL ATTITUDES EXCEPT EXACTLY WAKE 
- SEE HIGH FRtOlJENCY ONLY - RAM 

r 

c 

0 TENTATIVE INTERPRETATION 

A WAVE MODE ION ACOUSTIC 

A PHASE/GROUP VELOCITY v - 2 x x 103 M/SEC 

A MINIMUM WAVCLENGTH A [MINI - 211 [DEBYE) 

A (MIN) - 0.02 METERS 

A MAXIMUM DOPPLER P (MAX) - V/X (FIIN) - 100 KHZ 
SHIFT FREQUENCY 

A MAXIMUM WAVELENGTH i (MAX) - 10 LARMOR RADII 
A MINIMUM FREOUENCY F (MINI - V/A (MAX) - 30 HZ 

e POSSIBLE ORBIT ENERGY DISSIPATION 

A ENERGY DENSITY (STIX) W a 0 0 t o  e E2) [MRSI 

50 kHzI2  1 
W - \-I 0 '2 9 X 0 (0.1 V / M ) 2  

W - 1 x loW9 Joules/m3 

A VOLUME ESTIMATE V -  (10 LARMOR - ( R i ) 3  

v - 2.2 105 m3 

A TOTAL ENERGY/VOLUHE W.V - 3 x IOk4 Joules 

n . v 
PO\.(ER p = T-biii Velocity 
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(SEE 
POP IN WAKE 
LOW FREOUENCIES 1 

POP IN RAM 
(SEE ALL FREOUENCIES 

1 1 1 1 1  

DAY 03 

TABLE 9A 

l lHf/S-BAIJD TFAKSEII'I'TER f l  ELD STRENGTHS 

UHF VOICE LINK ( 1 6 5 - 4 0 0  M H Z )  

* P A L I X T  IDCATION: < 0.1  V/I.lETER 
R?:S SCANS: < 0 . 5  V/ElEI'ER 

S-RAND CONI.IUNlCATIOf~S L!NK ( 2 2 0 0  t 300 H H Z )  

V/M @ 1M 

l.:FASURED WITH PDP ( t  2 DB) 9 0 . 3  
LXPECTED @ 1 5 O W  49.6 
C A I C U L R T E D  1 5 0 W  9 4 . 9  
( I  00% INTO HEMISPHERE) 
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