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ABSTRACT 

The high-frequency p a r t  o f  t h e  Waves-In-Space Plasnas  system, WISP/W, is a 
f l e x i b l e  Shut t le /Spacelab  i n s t r u n e n t  f o r  t r a n s m i t t i n g ,  r ece iv ing  and process ing 
s i g n a l s  i n  t h e  0.3 t o  30 MHz range.  It w i l l  permit a  wide range o f  plasma wave 
experiments i n  t h e  ionosphere inc lud ing  s t u d i e s  o f  t h e  t r a n s m i t t i n g  antenna,  
fundanenta ls  o f  e lec t romagnet ic  (EM) and e 1 e c t r o s t a t . i ~  (ES) waves i n  
magnetoplasnas, i n s t a b i l i t i e s  and n o n l i n e a r i t i e s ,  and remote sounding o f  
ionospher ic  s t r u c t u r e .  Co l l abora t ive  i n v e s t i g a t i o n s  involving o t h e r  WISP 
equipnent  (e.g. antenna and propagation s t u d i e s  with t h e  WISP/VLF system) o r  o t h e r  
Spacelab f a c i l i t i e s  (e.g. beam-plasma i n t e r a c t i o n s  us ing cha rged-par t i c l e  guns) 
a r e  envisaged. A few s p e c i f i c  examples i l l u s t r a t e  t h e  re levance  o f  WISP/HF t o  
c u r r e n t  s c i e n t i f i c  i n t e r e s t .  Ihe o v e r a l l  goal  is to h e l p  b u i l d  a comprehensive 
understanding o f  p lasnaspher ic  wave physics  through group s t u d i e s .  

INTRODUCTION 

The National  Research Council o f  Canada (NRCC) has p r o p s e d  t o  supply t h e  WISP/W 
[1,2] fo r  Spacelab miss ions  to be  undertaken by t h e  National  Aeronautics  and Space 
Administrat ion (NASA). The system c o n s i s t s  e s s e n t i a l l y  o f  a  t r a n s m i t t e r  and 
assoc ia ted  phase-coherent r e c e i v e r s ,  a l l  of which a r e  c o n t r o l l e d  by a p r o g r m a b l e  
microprocessor.  Upon a s imple  command, t h e  t r a n s m i t t e r  g e n e r a t e s  s i g n a l s  with 
v a r i a b l e  frequency, l e v e l  and modulation. Frequency and m p l i t u d e  can be  swept ,  
stopped o r  held c o n s t a n t ,  and a r e  a c c u r a t e l y  know.  ?he t r a n s m i t t e r  m r k s  i n t o  a 
d i p o l e  o f  v a r i a b l e  l e n g t h  (up t o  300 m t i p t o - t i p )  and,  when matched, can d e l i v e r  
0.5 kW peak power. 'Ihe system inc ludes  one r e c e i v e r  on t h e  O r b i t e r  and another  on 
t h e  Recoverable Plasma Diagnost ics  Package (RPDP) s u b s a t e l l i t e  [3 1. Receiver 
g a i n ,  frequency and bandwidth s e t t i n g s  are a l s o  var iab le  and accurate ly  known. 

Figure 1 is one s p e c u l a t i v e  i n t e r p r e t a t i o n  of  t h e  ccmponents t h a t  w i l l  go t o  make 
up WISP/W. l'hey inc lude:  . 
1,  A dedica ted  microproces'sor-based Cont ro l l e r  permits  t h e  Payload S p e c i a l i s t  t o  
c a r r y  o u t  p r e p r o g r m e d  experiment r o u t i n e s  which a r e  s t o r e d  i n  its memory. It 
accep t s  a  s imple  command from t h e  coordinat ing  system and i n  t u r n  sends d e t a i l e d  
comnands to t h e  WISP/HF u n i t s .  It provides time-base and frequency coordinat ion  ' 

between t h e  t r a n s m i t t e r  and t h e  r e c e i v e r s ,  monitors  v a r i o u s  c i r c u i t  parameters  o r  
rece ived s i g n a l  c h a r a c t e r i s t i c s ,  and a d j u s t s  t h e  o p e r a t i n g  mode e i t h e r  by c a l l i n g  
up p r e p r o g r m e d  responses o r  by implementing changes requested by t h e  Payload 
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S p e c i a l i s t  or by Payload Operat ions Control  Centre. It d e t e c t s ,  p rocesses  and 
format:, d a t a  f o r  t h e  coord ina t ing  system and f o r  CCMS. 
2. A --- i r J e ~ c ? n c y  .-- Synthes ize r  genera tes  t h e  b a s i c  RF requ i red  i n  t h e  0.3 t o  30 MHz 
range ; 7 ~  : s t a b l i s h e s  t h e  f ixed-  o r  stiept-frequency c y c l e s .  
3. A Modulator c r e a t e s  p u l s e s  with a p p r o p r i a t e  width,  r a t e ,  shape a ~ d  coding. 

. 4. A Dr iver  produces t h e  low-level wave forms. 
5. A =Amplifier a m p l i f i e s  t h e  wave forms frcm t h e  d r i v e r  to ou tpu t  l e v e l s  
of a t  l e a s t  0.5 kW i n  t h e  pulsed mode o r  50 W CW. 
6. A Transmit-Receive % i t c h  i s o l a t e s  t h e  inpu t  o f  t h e  O r b i t e r  r e c e i v e r  frcm t h e  
Power Amplif ier  o u t p u t  dur ing  t ransmiss ion.  
7. An Antenna Matching network is an e l e c t r m e c h a n i c a l  dev ice  which maximizes 
power t r a n s f e r  to t h e  long d i p o l e  antenna dur ing  t ransmiss ion and from t h a t  
antenna t o  t h e  O r b i t e r  Receiver dur ing  recep t ion .  This u n i t  could aSso c o n t r o l  
t h e  t r a n s m i t t e r  power. 
8. A Receiver a m p l i f i e s  wanted s i g n a l s .  It h a s  about 100 dB o f  dynamic range  
and a bandiiidth t h a t  is v a r i a b l e  by c m a n d .  One v e r s i o n  i s  loca ted  on t h e  
O r b i t e r  and has  t h e  long t r a n s m i t t i n g  d i p l e  a s  r ece iv ing  antenna. 'Ihe o t h e r  
r e c e i v e r  is on t h e  RPDP where it is a s s m e d  t h a t  a 10-rn d i p o l e  w i l l  b e  a v a i l a b l e  
f o r  r ecep t ion .  NASA-supplied telecommand and t e l m e t r y  l i n k s  between t h e  O r b i t e r  
and t h e  RPDP provide c o n t r o l  and d a t a  l i a i s o n  between t h e  RPDP r e c e i v e r  and t h e  
c o n t r o l l e r .  
9. A Detector  d i g i t i z e s  t h e  received s i g n a l  f o r  processing by t h e  c o n t r o l l e r .  To 
permit Coppler measurenents ,  it ccmpares t h e  phases o f  t r a n s n i t t e d  ar,d r ece ived  
wave forms. It can a l s o  s e r v e  a s  a  frequency comparator f o r  swept-frequency work. 

A working l e v e l  z g r e m e n t  h a s  been completed between t h e  s c i e n t i s t s  i n  t h e  U.S.A. 
who were respons ib le  f o r  t h e  WISP P r o p s a l  [2] and s c i e n t i s t s  i n  Canxla. The 
agreement is based on a recognized s c i e n t i f i c  i n t e r e s t  of having an i n t e r n a t i o n a l  
tern work on a comprehensive wave-injection p r o j e c t  which encompasses a c t i v e  
experimentat ion a t  f r equenc ies  between t h e  extra-low-frequency range and t h e  
very-high-frequency range ,  i n c l u s i v e l y .  Tne team toge the r  w i l l  provide guidance 
on m a t t e r s  o f  g e n e r a l  concern. Within t h i s  team w i l l  be  t h e  WISP/HF i n v e s t i g a t o r  
group wt.lo w i l l  d i r e c t  t h e  d e f i n i t i o n ,  development and use o f  t h e  WISP/HF hardware. 
Tnis  group comprises f o u r  Canadian s c i e n t i s t s ,  four  U.S. s c i e n t i s t s  and one 
A u s t r a l i a n  s c i e n t i s t  who have a l l  %reed on t h e i r  r e s p o n s i b i l i t i e s  i n  t h e  p r o j e c t .  
The group encourages s c i e n t i s t s  o u t s i d e  t h e  t e r n  t o  a s m c i a t e  with it i n  planning 
experiments. 

Present  NASA planning c a l l s  f o r  a  Spacelab mission i n  mid 1986, wi th  an o r b i t  o f  
57' i n c l i n a t i o n  a t  300 km a l t i t u d e .  The payload w u l d  inc lude  about a dozen 
ins t ruments  designed f o r  atmospheric,  magnetospheric and space-plasma experiments 
and t h e s e  would b e  coordinated i n  va r ious  ways f o r  c o l l a b o r a t i v e  i n v e s t i g a t i o n s .  
The remainder of t h i s  a r t i c l e  is a l i s t  o f  t h e  major s c i e n t i f i c  c a t e g o r i e s  t o  be 
addressed with t h e  WISP/HF and inc ludes  a few specific i l l u s t r a t i o n s .  

ANTENNAS I N  PL4SblAS 

I n  any r a d i o  sc ience  experiment, t h e  antenna has  a p i v o t a l  r o l e ,  and r e s e a r c h  on 
t h e  i n t e r a c t i o n  o f  an a c t i v e  antenna with a magnetoplasma w i l l  b e  an important  
c o n s t i t u e n t  o f  t h e  WISP program. Tne r e s e a r c h  will d e a l  f irst  with t h e  b a s i c  
i s s u e s  o f  d r i v i n g - p i n t  impedance and f i e l d s  o f  an antenna,  i n  t h e  l i n e a r  domain. 

' A s  s i g n a l  l e v e l  is inc reased ,  more complex d e s c r i p t i o n s  o f  t h e  antenna and its 
envirorment w i l l  be r equ i red ,  and a wide v a r i e t y  o f  phenomena w i l l  be . 
i n v e s t i g a t e d .  

F igure  2 i l l u s t r a t e s  some antenna-related measurements. By measuring t h e  v o l t a g e  
and c u r r e n t  wave f o m s  and t h e i r  r e l a t i v e  phase a t  t h e  t e r m i n a l s  o f  t h e  long 
t r a n s m i t t i n g  d i p l e ,  t h e  complex d r i v i n g - p i n t  impedance, ZA, w i l l  be  determined.  
The dependence o f  ZA upon frequency, s t r e n g t h  and d i r e c t i o n  o f  t h e  ambient 
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magnetic f i e l d ,  plasma composition and d e n s i t y ,  antenna l e n g t h  and dc  bias w i l l  be  
A measured. Measurement of c u r r e n t  d i s t r i b u t i o n s ,  nea r  and f a r  f i e l d s  and ~ l a s n a  
I 

p r o p e r t i e s  will be c a r r i e d  o u t  with u s e  of d e t e c t o r s  mounted on t h e  RPDP i s  shown 
. i n  t h e  Figure  2. Current  d i s t r i b u t i o n s  and near  f i e l d s  w i l l  normally be  mzde 

whi le  t h e  RPDP is manoeuvered by t h e  Remote Manipulator System. Tnis work is 
important  to t h e  progran because p r e s e n t l y  t h e r e  is v e r y  l i t t l e  unders tanding o f  
wave propagation along an antenna i n  a msgnetopl asma. Near-f i e l d  r e s e a r c h  w u l d  
i n c l u d e  t h e  i n v e s t i g a t i o n  of resonance cones ,  c o n i c a l  h igh-f ie ld  r e g i o n s  extending 
outward f r a n  p o i n t s  of h igh charge  accumulation a t  t h e  c e n t r e  and ends o f  t h e  
d i p l e .  Cone p r o p e r t i e s  f o r  f i n i t e - l e n g t h  d i p l e s  a r e  o f  s p e c i a l  i n t e r e s t  because  
t h e y  have never been predic ted  o r  measured. 

Far- f ie ld  measurements o f  antenna r a d i a t i o n  p a t t e r n s  (bo th  magnitude and phase)  
a r e  c r u c i a l  with r e s p e c t  to wave i n j e c t i o n  a p p l i c a t i o n s  o f  t h e  O r b i t e r  antenna.  
These w i l l  be  accomplished us ing  t h e  WISP/HF t r a n s n i t t e r  and the  WISP d i p o l e  
aboard t h e  O r b i t e r  and rece iv ing  antennas and a r e c e i v e r  aboard t h e  free f l y i n g  
RPDP. In  c a s e s  when t h e  electric and m a g n e t i c a n t e n n a s  a r e  a v a i l a b l e  f o r  

* r e c e p t i o n  on t h e  RPDP, it w i l l  b e  ~ o s s i b l e  to c a l c u l a t e  t h e  Poynting f l u x .  It 
w i l l  b e  g e n e r a l l y  d e s i r a b l e  t o  develop techniques  f o r  f ind ing  power f l u x ,  a s  a 
s t e p  toward t h e  important  s p e c i f i c  o b j e c t i v e  determining t h e  antenna r a d i a t i o n  
ef f i c i e n c 7  f o r  e lec t romagnet ic  (EM) and e l e c t r o s t a t i c  (ES) modes a t  f r equenc ies  
spanning t h e  resonance fi-equencies o f  t h e  plasma. 

The na tu re  o f  t h e  antenna s h e a t h  and its c o n t r i b u t i o n  b t h e  e l e c t r i c a l  
c h a r a c t e r i s t i c s  o f  t h e  antenna w i l l  f i r s t  b e  i n v e s t i g a t e d  i n  t h e  l i n e a r  regime. 
Nonlinear phenmena assoc ia ted  with t h e  antenna w i l l  a l s o  b e  exrmined. me 
impedance, c u r r e n t  and f i e l d  d i s t r i b u t i o n  w i l l  be measured f o r  i n c r e a s i n g  s i g n a l  
l e v e l s ,  and w i l l  undoubtedly be a f f e c t e d  by p lasna  e n e r g i z a t i o n  and s h e a t h  
expansion. Sheath asymetr ies  may produce r e c t i f i e d  rf c u r r e n t  to t h e  antenna 
r e s u l t i n g  i n  t h e  r a d i a t i o n  o f  sgur ious  harmonics. The i n t e r a c t i o n s  o f  p a r t i c l e s  
acce le ra ted  by WISP/HF wi th  d i e l e c t r i c s  may provide  a b a s i s  o f  s tudy  o f  t h e  

' 

s p a c e c r a f t  charging [41:. It may a l s o  be p s s i b l e  to abserve  rnul t ipactor  
d i scharge ;  t h i s  o c c u r s  when resonant  osc  i l l i t i o n s  o f  e l e c t r o n s  between d i p l e  arms 
l ead  t o  a m u l t i p l i c a t i v e  i n c r e a s e  i n  e l e c t r o n  d e n s i t y  through secondary emission 
[5 I. 

Measured va lues  o f  t h e  impedance ZA, and,  e v e n t u a l l y  of  r a d i a t e d  f i e l d s  a t  t h e  
RPDP w i l l  be fed back to t h e  WISPIHF c o n t r o l l e r  (Fig.  2) .  In  t u r n ,  t h e  c o n t r o l l e r  
w i l l  command v a r a c t o r s  i n  t h e  antenna matching u n i t  to maximize power o u t p u t ,  
op t imize  some f i e l d  p a r m e t e r ,  o r  perhaps i n t e n t  i o n a l l y  set up i n t e r e s t i n g  
mismatch cond i t ions .  

PROPAGATION A N D  DISPERSION 

lrlISP/HF w i l l  permit tests a number o f  fundanenta l  concepts  o f  propagation i n  
a n i s o t r o p i c  media; t h e s e  inc lude  phase and group d e l a y  , p o l a r i z a t i o n  and power 
f lux .  Under c e r t a i n  cond i t ions ,  c o l l  i s i o n a l  and c o l l i s i o n l e s s  damping formulas 
w i l l  b e  confirmed. Hypotheses about thei r  energy flows can be exanined. 

The confirmation of ' t h e  d i s p e r s i o n  r e l a t i o n s  f o r  a number o f  EM and ES waves can 
be obtained f o r  h i t h e r t o  unexplored regimes using t h e  WISP/HF t r a n s m i t t e r  on 
Spacelab and a phase-coherent r e c e i v e r  on t h e  RPDP. Of s p e c i a l  i n t e r e s t  a r e  t h e  
ES waves occur ing near  t h e  fundanental  resonances a t  f,, (plasma frequency) o r  a t  
mf,, (gyro frequency harmonics) . Figure 3 i l l u s t r a t e s  t h e  p s s i b l e  gecmet r i e s  and 
r e l a t i v e  s i z e s  o f  r e f l e c t e d  rays .  It stresses t h a t  t h e  b i s t a t i c  conf igura t ion  
considerably  e n l a r g e s  t h e  scope o f  propagation experiments over what has  been 
p o s s i b l e  i n  t h e  p a s t  with monostat ic  systems. In  p a r t i c u l a r ,  a v a r i e t y  of ob l ique  
paths  can now be explored. A t  a given phase o f  an o r b i t ,  t h e  O r b i t e r - s u b s a t e l l i t e  
geometry w i l l  b e  favourable t o  a t  l e a s t  one  o f  s e v e r a l  wave modes, and c h o i c e s  f o r  
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opera t ing  parameters  will be based on rea l - t ime informat ion  about  t h e  plasma 
cond i t ions  and gecmetry . 
Wave mode coupl ing  has been specula ted  to  p lay  impor tant  r o l e s  i n  c e r t a i n  
l a b o r a t o r y  and space plasnas.  Coupling w i l l  be  tested by seeking b i s t a t i c  
geometries  t h a t  e f f e c t i v e l y  p l a c e  'the t r a n s m i t t e r  and r e c e i v e r  i n  d i f f e r e n t  
frequency dcmains and the reby  r e q u i r e  energy t r a n s f e r  between modes f o r  s u c c e s s f u l  
propagation.  

INSTABILITIES AND NONLINEARITIES 

The f l e x i b i l i t y  of t h e  WISP systems and assoc ia ted  Spacelab i n s t r u n e n t s  w i l l  
ensure  new understanding of i n s t a b i l i t i e s  i ch  occur s p n t a n e o u s l y  i n  space  
plasmas. Unstable waves o f t e n  grow i n  amplitude t o  a point  where n o n l i n e a r  
effects become impor tant .  I n t r i n s i c  plasma n o n l i n e a r i t i e s  can be t r i g g e r e d  i n  a 
c o n t r o l l e d  fashion through t h e  use  o f  t h e  v a r i a b l e  h igh  o u t p u t  power a v a i l a b l e  
from WISP/W. Nonlinear processes  exc i t ed  f o r  s p e c i f i c  wave modes, f r e q u e n c i e s  
and propagat ion  d i r e c t  ions  t y p i c a l l y  produce waves with d i f f e r e n t  f r equenc ies ,  
d i r e c t i o n s  and modes. R e  WISP/W . t r a n s m i t t e r  and r e c e i v e r s  w i l l  be  independently 
t u m b l e  to s p e c i f i c  f r equenc ies  o f  i n t e r e s t ,  and hence w i l l  be a b l e  to obse rve  t h e  
c o n t r o l l d  non l inea r  e x c i t a t i o n  o f  waves. 

1 Experiments on wave-w~ve i n t e r a c t i o n  w i l l  i n v e s t i g a t e  p a r a n e t r i c  decay a t  s h o r t  

~ range. A t t a p t s  will be made t o  d e t e c t  bo th  c h a r a c t e r i s t i c  e l e c t r o n  and ion waves 
r e s u l t i n g  from t h e  decay,  by jud ic ious  use o f  t r a n s m i t t e r  geometr ies  and 
f requencies .  Two-frequency pumping to produce ion  waves has  a l s o  been p r o p s e d  . 
Work on n o n l i n e a r i t i e s  w i l l  i nc lude  c a r e f u l  d i a g n o s i s  o f  t h e  t r a n s n i t t e r - h e a t e d  
reg ions  and a t tempts  to c l a r i f y  a l l  t h e  ES wave modes d e s t a b i l i z e d  i n  t h e  
r e s u l t i n g  n o n e q u i l i b r i m  plasna.  For i n s t a n c e ,  t h e r e  is evidence from t h e  t o p s i d e  

. sounders t h a t  temperature a n i s o t r o p i e s  may be set up ISnich then produce Eerns te in  
waves through t h e  Har r i s  i n s t a b i l i t y .  

GIISP/HF can be used t o  i n v e s t i g a t e  wave growth i n  the  presence of streaming 
charged p a r t i c l e s .  Once t h e  c h a r a c t e r i s t i c s  o f  normal propagation i n  an 
equ i l ib r ium plasma have been e s t a b l i s h e d ,  t h e  t r a n s n j  t t e r - r e c e i v e r  l i n k  can then  
be  appl ied  to t h e  s t u d y  o f  n e t  effects o f  wave grouth  i n  nonequil ibrium 
d i s t r i b u t i o n s .  Natural  p a r t i c l e  s treams i n  which t h e  s tream dimensions g r e a t l y  
exceed propagation path l e n g t h  present  an advantage; t h e  a s s m p t i o n  o f  a growth 
region of i n f i n i t e  e x t e n t  will s impl i fy  a n a l y s i s .  On t h e  o t h e r  hand, 
charged-par t ic le  guns on Spacelab w i l l  have t h e  Avan tage  o f  ccmplete c o n t r o l  over 
beam parameters  ( f l u x  magnitude, p i t c h  angle ,  energy and modulation) and o f  
absence o f  w i d e s p r e d  no i se  frcm spontaneous emissions. ES waves l i k e  those i n  
Figure  3 have wavelengths o f  t h e  o rde r  o f  meters  and r e f l e c t  o f f  g r a d i e n t s  wi th in  
about 1 h of t h e  t r a n s n i t t e r .  ?his sugges ts  t h e  procedure s y m h l i z e d  i n  Figure  
4. Assuming t h a t  t h e  a r t i f i c i a l  e l e c t r o n  beam has a c e r t a i n  r a d i u s  about a f i e l d  
l i n e ,  it may be p s s i b l e  to arrange ES ray paths t h a t ,  a f t e r  r e f l e c t i o n  (many 
wavelengths f r m  t h e  t r a n s m i t t e r ) ,  c u t  back a c r o s s  t h e  h e m  with p l sne  waves. 
'then o r b i t a l  cond i t ions  permi t ,  an RPDP with a r e c e i v e r  loca ted  on t h e  r a y  pa th  
j u s t  beyond its i n t e r s e c t i o n  with t h e  beam should be  i n  a p s i t i o n  t o  monitor 
incremental  wave growth o r  damping caused by t h e  bem. ?he shaded a r e a s  i n  Figure  
4 i n d i c a t e  t h a t  t h e  beam is pulsed.  blormal propagation ( A )  is first s t u d i e d  us ing 
i-ays t h a t  a r e  n o t '  a f f e c t e d  by t h e  s t r e a n i n g  particle:; .  The t r a n s n i t t e r  is o f f  a t  
B and the r e c e i v e r  measures t h e  inheren t  beam i n s t a b i l i t i e s ,  i f  any. F i n a l l y ,  t h e  
n e t  r e s u l t s  o f  convect ive  growth o r  d ~ m p i n g  o f  a t r a n s m i t t e r  p u l s e  can be obta ined 
by measuring t h e  t o t a l  s i g n a l  l e v e l  i n  t h e  presence of t h e  beam (C), s u b t r a c t i n g  
i n h e r e n t  n o i s e  (8) and canparing wi th  m b i e n t  propagation ( A ) .  



SOUNDING AND SCATTER 

The WISP/HF group is s t r o n g l y  i n t e r e s t e d  i n  r e s e a r c h  on ionospher ic  and 
magnetospheric s t r u c $ u r e  as t h e  b a s i s  f o r  understanding t h e  dynanics  o f  t h e  
n e u t r a l  atmosphere and t h e  plasmasphere. Experiments a r e  proposed i n  remote HF 
sens ing of  ionospher ic  s t r u c t u r e  i n  h i c h  both t h e  s c a l e  s i z e  of t h e .  s t r u c t u r e  and 
t h e  d i s t a n c e  it frcm Spacelab va ry  u:, t o  t h ~ u s e n d s  o f  k i lomete r s .  New 
coded-pulse and coherent- transmission methods w i l  b e  app l i ed  t o  r e s e a r c h  on 
t r a v e l i n g  ionospher ic  d i s t u r b a n c e s  and f i e ld -a1  igned i r r e g u l a r i t i e s  o f  d e n s i t y .  
Near t h e  upper-frequency limit o f  t h e  WISP/HF, s c a t t e r  from E- and F-region 
s t r u c t u r e s  can  a l s o  be  s tud ied .  I n  s i t u a t i o n s  *ere t h e  O r b i t e r  and RPDP f l y  
through s t r u c t u r e  o f  i n t e r e s t ,  s imultaneous u s e  o f  t h e  WISP/HF acd o t h e r  Spacelab 
systems will h e l p  to  reduce  ambigu i t i e s  i n  c a l c u l a t i o n s  of d e n s i t y  i r r e g u l a r i t y  
s p e c t r a .  

I o n i z a t i o n  s t r u c t u r e s  w i l l  b e  measured, both  along t h e  o r b i t  and remote Pcm 
Spacelab. WISP/HF w i l l  o p e r a t e  i n  a number o f  programed modes, inc lud ing  survey 

: modes to sea rch  f o r  n a t u r a l  phencmena o f  i n t e r e s t  o r  modes to i n v e s t i g a t e  s p e c i f i c  
f e a t u r e s  i n  d e t a i l .  Frequency sweep range ,  pu l se  width,  r e p e t i t  ion frequency and 
power w i l l  b e  v a r i a b l e  on command. WISP/HF w i l l  be  capab le  of coheren t  d e t e c t i o n ,  
and w i l l  permit measurenent o f  time d e l a y ,  phase,  m p l i t u d e  and b p p l e r  s h i f t  o f  
rece ived s i g n a l s .  Real-time d a t a  p r e s e n t a t i o n s  may be  used t o  h e l p  t h e  o p e r a t o r  
focus on s t r u c t u r e  o f  p a r t i c u l a r  i n t e r e s t .  S ince  b p p l e r  s h i f t  a t  a g iven  
frequency v a r i e s  a s  t h e  c o s i n e  o f  t h e  ang le  between t h e  wave normal and t h e  
r e c e i v e r  v e l o c i t y ,  t h e  s h i f t  is a measure o f  t h e  ang le  o f  a r r i v a l  o f  t h e  r e t u r n  
ray .  Tnis  will provide a means o f  d i s t i n g u i s h i n g  r e t u r n s  from d i f f e r e n t  r e g i o n s  
with t h e  same d e l a y  time, 

With a Spacelab o r b i t  i n  t h e  F-region, WISP/HF w i l l  b e  u s e f u l  f o r  r e s e a r c h  on 
e q u a t o r i a l  'bubbles t  [51 and assoc ia ted  f i e ld -a l igned  HF d u c t s  173, WISP/HF may 
be used t o  f ind  t h e  shape,  o r i e n t a t i o n  and dimensions o f  bubbles ,  t h e  r e l a t i o n s h i p  
between bubbles and d u c t s ,  and t h e  r e l a t i o n s h i p  between bubbles  and Spread-F. 
b p p l e r  d a t a  recorded i n  d u c t s  will provide angle-of-ar r iva l  information which 
could b e  used to s t u d y  t h e  e lec t romagnet ic  t r app ing  mechanisn and to  d i s t i n g u i s h  
trapped waves fran s c a t t e r e d  o r  r e f l e c t e d  ones.  Apart frcm bubbles,  d u c t i n g  
phenomena dese rve  ex tens ive  s t u d y  i n  t h e i r  own r i g h t ,  and WISP/HF experiments w i l l  
address  wave modes hose guiding cannot b e  observed on t h e  ground. 

Figure  5 i l l u s t r a t e s  how t h e  coheren t  b i s t a t i c  t r ansmi t t e r - rece ive r  could be used 
t o  c l a r i f y  a long-standing ques t ion:  a r e  d u c t s  o f  t u b u l a r  ( A )  o r  l a n i n a r  c r o s s  
s e c t i o n  ( B ) ?  I n  both  c a s e s ,  t h e  t r a n s n i t t e r - r e c e i v e r  s e p a r a t i o n  v e c t o r  is assuned 
h o r i z o n t a l  and passes  through t h e  a r e a  o f  minimum d e n s i t y ,  N,, i .e.,  t h e  i n s i d e  o f  
t h e  duct .  Using t h e  coherence f a c i l i t y ,  t h e  phase change, jd ( f )  , is found i n  a 
frequency range  f, to f3. The n a t u r e  o f  t h e  d e n s i t y  con tours  and t h e  r a y s  
c o n s i s t e n t  with them is such t h a t  t h e r e  i s  much more d i s p e r s i o n  i n  B than A .  
I t e r a t i v e  e l e c t r o n  d e n s i t y  modelling a t  t h e  a n a l y s i s  s t a g e  could be used to deduce 
t h e  d e n s i t y  contours  & i c h  g i v e  t h e  best agreement wi th  t he  observed $(f). 
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