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VLF HAVE INJECTION EXPERIMENTS 

a VLF WAVE-PARTICLE I N T E R A C T I O N S  
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7RU . -Taylor (RPDP Co-I) 

SYSTEMS 
GROUP 
RESEARCH 
STAFF 

-plasma wave physics and wave/partlcte Interactions 

STANFORD - He1 1 lwell and Katruf rakf s 

- V L F / E l F  wave propagrtlon and wave/partlcle fnteractlons 

U of IOWA - Shauhrn (RPDP P i  I.) 

* 

WISP DEBIHITION PHASE 

CQ-INVESTIGATOR RESPONSIBILITIES 

-plasma wave physics  and wavc/partlcla interactions 

TRpfl 
~ A a D ~ m f P r c W ~  

NASAIHSFC - Reasoner (RPDP Co-I) 
-plasma dfrgnostics & wrve/portlcle Interact Ions ' 

PINY - Cross - 
-Traveling fonospherlc dfoturbohces and grav i ty  waves 

-Equatorial bubbles end plasma wave physics 

SAO - Crossi - 
HF 6 VHF wave propagation and traveling lonospherlc disturbances 

NASA/JSC - Csrrtott  

-antenna impcdcnce and wavcBparttcla tntoractlons 

- .  -equotortal bubbles on8 sfnul~onoaus ground-bosod rJ$asurments 

-plasm wave physics i n  HF regime 
:CORE ml rroprocessor do91 n l  t i  on * 
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SYSTEMS 
WISP EQUIPMENT 

Date (Calendar year) - 
Quarter 

Equ ipmen t 

GROUP 
RESEARCH 

I STAFF 

CORE (comnon Operat lng Res 'ch Equlp.) 
VLF Transmitter Subsystan 
Extendible ~ n t c n n i '  - 
Recoverable P l a s m  Dfagnortfcs 

Package (RPDP) 
Phase 1 RPDP lnstrumentrt ion2 
HF Sounder Receiver 
HF Sounder ~ u b s ~ s t e m '  
Phase 2 RPDP ~nstrumentat ion6 
Special  Display I Analysis Equip. t 
t o w  Light  Level  f V  
VHF Sounder S u b s y s t m  
Power Anpl i f  i e r ,  20-40 db gain, 

150-350 HHz 
Loop Tran sm f t t i ng An tenna 
Tether System (conducting tether  wike) 

I m 

Fl  ight 

FOR FIRST FL~GHT 

. - -.------ 
t 300 m t i p - t o - t i p  maxlmun length dipole pointed in t Yodirectfons. 

Step frequency receiver, electric f i e l d  antenna. magnstlc f i e l d  antenna 
p ion retarding potent 1.1 analyzer. L i n g m l r  probe, ion m s s  
spectrometer, 

On Spacelab. 
4 On RPDP 

f On Spacelab 

T&&$f!jf 
~ C C W  M w t 4 u s v s r - W  

. lnstrvmentatlon added to  RPDP: s t e p  frequency receiver. correlator, I l ~ a r  
receiver. 2 e lect r ic  f l c l d  antennas, 2 magnet i s  f ield antennas (loop), 
qu.drl.pherfc.1 1- energy proton and electron 4I f forent ia l  emrgy 

7 
on& 1 yzer. 

Spectrum analyzer and osellloscopo w i t h  Z oodulatlql and variable prrs!stonu. 
- - - -  - - .  
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BAS I C ANTENNA 

- Bf-Stem by Astro 

- Nomlnal length- 300 m ttp-to-tip 

TRADEOFF STUDY REQUIRED 

- Three options Identified 

-Bare B i - S t e m  from bay 

SYSTEMS 
GROUP 
RESEARCH 
STAFF 1 

-0;-Stem w i t h  insulating sleeve from bay 

-Bare 01-Stem from Astromast 

- Analysis Required 
-Dynam i cs 

-1herma l 

-Electrfcal 

-Safety - Decision by end o f  Phrso 1 

STORAGE SPOOL 

WISP DEFINITION PHASE 

ANTENNA DES I GN 

9 

FpR/$flJ 
tXFEMU AAllD SMCt SYSTEMS GC#)V 



FUNCT 1 ONS 

e MECHAN I CALLY HOLDS D I POLE ELEMENTS 

@ PLACED HIGH IN BAY TO EXTEND ELEMENTS OVER BAY DOORS 
. . 

a ELECTR ICALLV I S3LATE ELEMENTS AND GROUND 

PROBLEMS 

Q CONFI2UZACiJN -- MAST NEEDED? 

a RADIATED MI -- EXSMPTIO;~ NEEDED? 

Q DYNAMICS -- STUDY NEEDED (BY MSFC)? 
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4 - -7 1-1-79 

VLF HAVE INJECTION EXPERIMENTS 
8 

a VLF WAVE-PARTICLE INTERACTIONS. 

a YLF PROPAGATION 

T R A V E L I N G  IONSPHERIC D i S T U R B A i i C E S  AND ATKOSPHERIC 
G R A V I T Y  W A V E S  

e HF,  V2F REMOTE SOUNDING 

IQl43SPHERf C B U B B L E S  

HF, VHF REMOTE SOUNDING AND PROPAGATION 

PLASMA W A V E  P H Y S I C S  

LI:iEAX AHD ;i3?i-LI1EAR ? i A S i A  PHYSICS IN SPACE 



S1GNAL TRANSMISSION FROM SPLE VLF TRANSMmER 
5 

SIPLE StGNAL RECENED ON !SEE- I ,  1338:40, JULY 27, 1979 



LIGHTNING WHISTLERS 

TRIGGERED 
1 \ EMISSIONS 

WISP/SEPAC 
\ 

PRECIPITATION 
---7 

*,\ /-,.----- - 

R O B E R V A L ~ ; ~  WAV-, 

I 
I ) INTERACTION 1' I REGION 

,' 
, CIS€€, OPEN) 

SIpLE/)'- - --?~J'P, 

PARTICLES 

0 2 4 6 seconds 

1220 UT, JULY 3, 1973, SiPLE STATION 

0 2 f O 12 20 seconds 

11 37 UT, JULY 26, 1377, SiPLE STATION 



UNDERSTAND CONTENT REQUIRED 

UNDERSTAND FO SCIENTIFIC REQUIREMENTS 
REDUCE TO COMMON FORMAT 

HARDWARE 

a DESCRIBE WISP SUBSYSTEM CONCEPTS 

~ I I E C Y S E A A W S M C Z ~ ~ ~  

SYSTEMS 
GROUP 
RESEARCH 

DESCRIBE OTHER INSTRUMENTATION 

STAFF 

FUNCTlONAL OBJECTIVES AS REQUIRED BY ERD 

FIRST TEAM MEETING 

OBJECTIVES 

ANTENNA IMPEDANCE 

a REVIEW 'AND DISCUSS QUESTION 

INTERFACES 

e DISCUSS CONCEPTS AND OPTIONS 
MAKE DEClSIONS OF PHILOSOPHY 



FO No. - 
FO 1 

FO 2 

FUNCTIONAL OBJECTIVES - OUTLINE 

CATEGORY, NUMBER, TITLE, AUTHOR/RESPONSIBILITY 

CATEGORY I - ENGINEERING [FO 1-91 

Short T i t l e  

System Conf igura t ion  and A c t i v a t i o n  

Au tho r /Respons ib i l l t y  

TRW 

System Checkout ( a l l  WISP Systems ON except TRW, C o l l  ins,  Spar 
H.v.) 

VLFSS Checkout (Fo 2, except VLFSS H.F. ON and Col l i n s  
t r a n s m i t t e r  power dumped t o  .antenna s imula tor )  

HFSS Checkout (FO 2, except HFSS H.V. ON and Spar 
transmi t t e r  power dun\ped t o  antenna s imula tor )  

Antenna extension o r  r e t r a c t i o n  TRW, HSFC 

VLFSS In te r fe rence  Tests (FO 3, except power C o l l i n s ,  TRW 
t o  antenna) ; secondary ob jec t  i ve  : measure 
Z A P  propagat ion 

HFSS In te r fe rence  Tests (FO 4, except power t o  Spar 
antenna) ; secondary o b j e c t i v e :  measure 
Z propagat i on  A 

Antenna D e f l e c t i o n  Determinat ion G a r r i o t t ,  TRW 

Standby Procedure TRW, C o l l i n s ,  Spar 

CATEGORY I I - VLFSS, WAVE PARTICLE l NTERACTIONS IFO 10-191 

Survey o f  Growth and T r igge r ing  Stanford 

De ta i l ed  P rope r t i es  o f  Tr iggered Emissions Stanford  
( 3  o r  4 p a r t s )  

Power L ine  Rad:at ion S imula t ion  Stanford  

Induced P a r t i c l e  P r e c i p i t a t i o n  Stanford  

TBD Stanford, I n v e s t i g a t o r s  

CATEGORY I l l  - VLFSS, WAVE PROPAGATION [FO 20-291 

D ipo le  Rad ia t ion  Pa t te rn  f o r  C h a r a c t e r i s t i c  Wave James 
Bodes; 1 - Wh is t l e r  Mode 

' Stanford,  I n v e s t i g a t o r s  



CATEGORY I I I (Cont ' d )  

Fie ld -A l igned VLF Ducts; (a) Siple-to-WISP and Stanford 
(b) WISP-to-Siple 

WISP-to-Ground Beacon Mode Stanford  

Plasmapause VLF Propagation Stanford  

CATEGORY I V  - VLFSS PLASMA PHYSICS [FO 30-391 

Auroral  K i l o m e t r i c  Rad ia t ion  Stanford  

TBD Stanford,  I n v e s t i g a t o r s  

CATEGORY V - VLFSS, RESERVED [FO 40-491 

TBD, Reserved f o r  VLFSS Stanford, C o l l i n s ,  TRW, 
I n v e s t i g a t o r s  

CATEGORY V I  - HFSS, LARGE-SCALE STRUCTURES [FO 50-69) 

Determine the f i e l d - a l i g n e d  e l e c t r o n  dens i t y  
d i s t r i b u t i o n  from ducted echoes 

Benson 

Ben son Determine the length  and s t a b i  l i t y  o f  f i e l d -  
a l igned bubbles by ob ta in ing  nea r l y  cont inu-  
ous conjugate echoes w h i l e  i n  a duc t i ng  reg ion  

Determine t ransverse s i z e  o f  dens i t y  i r r e g u l a r i -  
t i e s  w i t h i n  a bubble by ob ta in ing  m u l t i p l e  
near-end ducted echoes 

Benson 

Determine the e l e c t r o n  dens i t y  a t  the  apex o f  a 
f i e l d - l i n e d  dens i t y  i r r e g u l a r i t y  by o b t a i n i n g  
2-mode ducted echoes. 

Determine the ex tent  o f  the bottomside dens i t y  
dep le t i on  from ground echoes 

Benson 

Determine the changes i n  the  t o t a l  e l e c t r o n  
dens i t y  content between Spacelab and the 
s u b s a t e l l i t e  as a bubble reg ion  i s  t ransversed 

Bensm 

Bensm 

Benson 

Determine background n e u t r a l  temperature, compo- 
s i t i o n ,  and wind as w e l l  as background plasma 
temperature, composit ion and d r i f t s .  

Determine AGW and T I0  wave c h a r a c t e r i s t i c s ,  i . e . ,  
wave ampli tude, phase, angular  frequency, and 
wave vec to r  



CATEGORY V I (Cont 'd) 

Study the  interdependence o f  AGW's and TID's @ Bensan 

Study the source regions of the AGW's and T ID 's  Benson 
f ran  among the sources: magnetosphere, 
au ro ra l  region, equa to r i a l  region,  s t ratosphere-  
mesosphere, and troposphere 

Equa to r i a l  Bubbles, Spread F, HF Ducts and Dy son 
S c i n t i l l a t i o n  

Small Amplitude D isc re te  I r r e g u l a r i t i e s  a t  Dy son 
the  Equator 

Grav i t y  Waves and TID's (HFSS, VHFSS) Dyson 

Mid-Lat i tude Spread F (VHFSS) Oy son 

Measurement o f  Large-Scale Wave St ruc tures  Gross 
i n  the Ionosphere 

Large-Scale Disturbance St ruc tures  Gross 

Re la t ionsh ips  between Wave St ruc tures  and Gross 
Fie ld-A1 igned I r r e g u l a r i t i e s  

Source Regions f o r  Large-Scale St ruc tures  Gross 
' a  

TBD HF I n v e s t i g a t o r s  

CATEGORY V I I - HFSS, WAVE PROPAGAT ION [FO 70-891 

Determine the  resonance cone s t ruc tu res  i n  the Benson 
antenna r a d i a t i o n  p a t t e r n  as a func t i on  o f  
antenna l eng th  

Determine the  c h a r a c t e r i s t i c s  o f  the ionospher ic  Benson 
i r r e g u l a r i t i e s  t h a t  g i v e  r i s e  to  the  g rea tes t  
s c a t t e r i n g  of w h i s t l e r  and Z-mode s igna l s  

Determine the  optimum duc t i ng  cond i t i ons  f o r  Benson 
X, 0, 2 ,  and w h i s t l e r  mode s igna l s  

Determine the e f f i c i e n c y  o f  wave mode coup l ing  Benson 
between the Z and 0 modes 

Propagation o f  Plasma Waves (HFSS) Tay 1 or 

TBD HF I n v e s t i g a t o r s  

CATEGORY V l  l l - HFSS, PLASMA PHYSICS [FO 80-109) 

Determine the c h a r a c t e r i s t i c s  o f  the  fH resonance Beoron 
as a f u n c t i o n  o f  s t i m u l a t i n g  cond i t i ons  



CATEGORY V I I I (Cont 'd) 

I d e n t i f y  non l inear  wave processes i n c l u d i n g  i o n  
modulat ion e f f e c t s  on e l e c t r o n  plasma waves 

Benson 

Benson Determine the s t a b i l i t y  o f  nf,, waves 

Ben soh 

Benson 

Determine the domain o f  s t imu la ted  temperature 
an i so t  rop i es 

I s o l a t e  non l inear  plasma wave processes from 
instrumental  e f f e c t s ,  plasma sheath e f f e c t s  
and o the r  spacecraf t  plasma pe r tu rba t i ons  

l d e n t i f y  the  cause o f  the " f l o a t i n g "  na ture  o f  
sane resonances 

Benson 

Benson Expla in e l e c t r o s t a t i c  wave propagat ion phenomena 
such as the disappearance o f  the 3 f H  echo when 
fN/fH = 4 

Determine the e l e c t r o s t a t i c  t o  e lectromagnet ic  
f r a c t i o n  o f  energy emi t ted  f r a n  the antenna 
under d i f f e r e n t  resonant cond i t i ons  

Benson 

Determine electron-beam wave genera t ion  i n  
ambient plasma f o r  beam propagat ion quas i -  
p a r a l l e l  t o  magnetic f i e l d  

Benson 

Determine electron-beam wave genera t ion  i n  
ambient plasma f o r  beam propagat ion quasi-  
perpendicular  t o  magnetic f i e l d  I 

Benson 

Benson 

Benson 

Determine electron-beam wave genera t ion  i n  
ambient plasma f o r  beam ob l i que  propagat ion 

Determine electron-beam wave generat ion i n  
ambient plasma d r i v e n  t o  h igh  an iso t ropy  
l e v e l s  by HFSS/VHFSS f o r  beam propagat ion 
q u a s i - p a r a l l e l  t o  magnetic f i e l d  

Determine electron-beam wave genera t ion  i n  
ambient plasma d r i v e n  t o  h igh  an iso t ropy  
l e v e l s  by HFSS/VHFSS f o r  beam propagat ion 
quasi-perpendicular  t o  magnetic f i e l d  

Benson 

Determine electron-beam wave genera t ion  i n  
ambient plasma d r i v e n  t o  h i g h  an iso t ropy  . 
l e v e l s  f o r  ob l i que  beam propagat ion 

Benson 

Linear lmpedance Dependence on D ipo le  Length Balmain 

Balmain L inear lmpedance Dependence on D ipo le  Or ienta-  
t i on  

L inear lmpedance Dependence on D ipo le  D.C. 
Bias 

Balmain 

Nonl inear lmpedance Cependence on CW Power 
Leve 1 

Balmain 



~ CATEGORY V l l l  (Cont 'd) 

L inear  CW Near-Fie ld Evo lu t i on  w i t h  Distance Balmain 

Nonl inear CW Near-Fie ld Evo lu t i on  w i t h  Distance Balmain 

Resonance Sounding James 

Resonance I n t e r a c t i o n s  using RPDP Diagnost ics Reasoner 

Stochast ic  Heating o f  Plasma and Nonl inear Reasoner 
E f fec t s  near the Antenna using RPDP 
Diagnost ics 

TBD HF I n v e s t i g a t o r s  

CATEGORY I X - HFSS, RESERVED [FO 1 10- 1291 

TBD, Reserved I n v e s t i g a t o r s  

CATEGORY X - VHFSS, GENERAL [FO 130-1391 

FO 130 VHF Determinations o f  Coupled Neutra l  and Grossi,  Gross 
Ionospheric Turbulence 

FO 131 See FO 62 

FO 132 See FO 63 

CATEGORY X I  - MISCELLANEOUS [FO 140-149) 

FO 148 System A c t i v a t i o n  

FO 149 Conf igura t ion  f o r  Return ' 

TRW, C o l l i n s ,  Spar 

TRU, C o l l i n s ,  Spar 

TRW, C o l l i n s ,  Spar 
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SYSTEMS 
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RESEARCH 
STAFF 

WISP DEfINlTiON PHASE 

WISP SCIENTIFIC OBJECTIVES: 

-depend on energizing antenna to  high voltages 
' 

-study of  the plasma response and loading 

PREVIOUS DISCUSSIONS: 

-Bob Blount/JSC 

-narrow band cmlrsions higher than spec are requlred by YlSP 
.. 

PROBLEM: 

-fear that  Induced vol tager or currents will a f f e c t  avionlcs 

SOLUTI ON: 

-increase experimental power levels gradually and mooltor 
the rviontcs 

PROCEDtrRE: 

-request appropriate wa h e r  f ran STS operator 
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