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Stud-ies f o r  Space Experiment Devel-opment 

Final  Report 

1.0 Introduction 

The purpose of t h i s  contract  was t o  provide support of s c i e n t i f i c  

f e a s i b i l i t y  s tud ies  of various space experiment id.eas proposed by the  

s c i e n t i f i c  community. Two types of a c t i v i t i e s  were undertaken. One of 

these w a s  t o  provide expert  advice and s tudies  regarding ce r t a in  aspects 

of NASA programs. The second was t o  encourage the  conceptual development 

by ERL s t a f f  of c e r t a in  space experiments. 

I n  the  second type of a c t i v i t y ,  a nu-rnber of po t en t i a l  experiments 

were consid-ered by the  ERL S a t e l l i t e  Advisory Panel. Four of these pro- 

posed experiments were se lected f o r  support.  The se lec t ion  c r i t e r i a  

included the  following: 1 )  t h a t  the proposed experirnents be r e l a t ed  t o  

an ERL mission; 2 )  t h a t  a competent member of the  EEL s t a f f  is avai lable  

t o  carry ' through the  experiment; 3) t h a t  the  experiment require fu r the r  

conceptual development before f e a s i b i l i t y  judgments could be made; and 

4) t h a t  a small  amomt of f i nanc i a l  support could help t o  make a 

s ign i f i c an t  contr ibut ion.  

No attempt was made t o  support observational  o r  experimental s t ud i e s .  

The funds made avai lable  t o  the  ind5vidual proponents were matched by ERL 

funds s o  t h a t  about $ 4 ~  were made available t o  each of the  four  proponents 

se lec ted .  

2.0 ERL Space Experiment Stu-dies 

The four experirnents su-pported were: S a t e l l i t e  l a s e r s  f o r  atmospheric 

remote sensing; op t i ca l  occul ta t ion techniques f o r  planetary atmospheric 

s tudies ;  the use of operational  s a t e l l i t e  systems f o r  ionospheric opera- 

t i o n a l  requirements; and geomagfleti srn by sa, tel l  i t e  s tudies  . The several  

experiments are  surti~narized below. 



2 .1  Sate l l i te-borne Laser System f o r  Atmospheric Remote Sensing 

This study was carr ied out by G .  T. McNice of the Wave Propagation 

Laboratory, FJIL. The study was prirnarily t o  determine the f e a s i b i l i t y  02 

using sa te l l i t e -borne  l a se r s  t o  observe atmospheric const i tuents  by means 

. of ce r t a in  op t i ca l  processes. These processes included Mie, Hayleigh, 

and Raman sca t te r ing ,  and fluorescence.  Two types of observational modes 

a r e  possible:  The observation of backscattered rad ia t ion  from the atmos- 

pheric gases, and the  measurement of the  energy r e f l ec t ed  from the  ea r th ' s  

surface o r  from clouds. The d i f f e r en t  phenomena were considered using the 

mode appropriate f o r  the  phenomenon under consideration.  Signal-to-noise 

r a t i o s  f o r  each of the  phenomena were estimated under reasonable var ia t ions  

of s eve ra l  d i f f e r en t  parameters. 

It was found t h a t  backscatter  systems, although marginal, may be 

f ea s ib l e  f o r  s tudies  i n  the upper atmosphere, but  w i l l  probably be severely 

a t tenuated i n  the  lower regions of the  atmosphere below an a l t i t u d e  of 

15 km. I n  pa r t i cu l a r  it is  suggested t h a t  a backscatter  system operating ' 

0 

a t  wavelengths below 2900 A could make measurements i n  the  ionospheric 

regions because the  re f lec ted  sunl ight  background would be absorbed by the  

ozone l a y e r .  A l l  of the  processes described could i n  p r inc ip le  be used t o  

obtain,  f o r  instance,  densi ty  p ro f i l e s  i n  these regions .  

A number of uncer ta in t ies  regarding absorption, fluorescence, Raman 

and resonance Ram= spec t ra  of the  neu t ra l  and ionized s t a t e s  of t he  atmos- 

pheric constitu.ents i n  the  u l t r a v i o l e t  range need t o  be resolved before 

spec i f i c  systems can be proposed. Thus a program i n  op t i ca l  spectroscopy 

is  recommend-ed before the  f e a s i b i l i t y  of using these techniques f o r  s a t e l -  

l i t e  experiment can be es tabl ished.  Some of these a re  in progress i n  the 

Wave Propaga,tlon.Laboratory on other resources.  Depending on t h e i r  

outcome, a space f l i g h t  program may be proposed. 

2.2 Optical  Occultation Experiments 

The p o s s i b i l i t y  of using op t i ca l  occultat ion i n  the  W and X-ray 

regions was exarained by R .  B. Norton, ~ e r o n o r n ~  Laboratory, ERL. A s  a 



p a r t  of t h i s  work, a stu-dy of the  absorption spectra  of various atmos- 

pheric gases was made and the  l i t e r a t u r e  searched f o r  information on 

absorption cross-sections i n  the  iTV and X-ray regions.  Various concepts 

were developed f o r  u t i l i z i n g  the  occul ta t ion technique f o r  aeronomical 

s tud ies  which would complement ground-based e f f o r t s .  Exist ing occulta-  

t i o n  data  i n  the  X-ray and u l t r a v i o l e t  regions obtained by the  SOLLRClD 

s a t e l l i t e s  a re  under analysis  t o  obtain O2 p r o f i l e s .  A proposal w i l l  be 

submitted t o  add photometric detectors  t o  meteorological s a t e l l i t e s  such 

a s  the  ITOS s e r i e s  o r  NIMBUS. This work would provide p ro f i l e s  of severa l  

atmospheric cons t i tuen ts .  

2.3 Telecommunications Predic t  ion Services - 

A team comprised of Barghausen, Wieder, Watts a,nd Crombie, I n s t i t u t e  

f o r  Telecommunications Sciences, and Cohen, Aeronomy Laboratory, conduc- 

t ed  a study t o  determine the  u t i l i t y  of s a t e l l i t e s  with respect  t o  

telecommunications predictions services .  

They considered the  use of s a t e l l i t e s  f o r  measuring a number of 

ionospheric parameters by various techniques, including inverse beacon, 

topside sounding, and i n  s i t u .  The pararneters included F-region c r i t i c a l  

frequencies, sporadic-E, the  measurements of v i r t u a l  and t rue  height of 

the  F2 layer ,  absorption, and rnea,surernents of t o t a l  e lect ron content .  

They a l so  considered the  use of radio  s igna l s  from geostat ionary beacons 

t o  provide disturbance warnings. 

For tropospheric pa,rameters , meas~wements of r e f  ra.ctive index, atrnos - 
pheric water vapor, and f i e l d  s t rengths  were considered. In  addit ion,  

angle of a r r i v a l  and s igna l  s t rength  measurements of transmissions from 

an orb i t ing  s a t e l l i t e  obtained by s t a t i ons  on the surface would provide 

information regarding tropospheric propagation t o  determine such things 

a s  tropospheric duct ing . 
Economic benef i t s  were estimated. These est imates suggest the  poss i -  

b i l i t y  tha.t the  costs  of s a t e l l i t e  systems may be somewhat l e s s  than t he  

savings i n  terms obtained by increase i n  telecor~~flunicatjons u t i l i t y  



r e su l t i ng  from improved predictions . Tihe tearil will resume consideration 

of moving ahead on t h i s  matter when management coasiders the  time t o  be 

r i pe  cons ridering na t  iona l  a d  organiza t iona l  pr i o r i t i e s  = 

2.4 Sa te l l - i t e  Magnetometers f o r  Space Distwbance Forecasting 

Magnetic measurements i n  space were considered by W. Campbell from the  

point  of view of u t i l i t y  i n  space dis turbmce monitoring and forecast ing 

purposes. In  h i s  review of magnetometers i n  space missions, severa l  types 

were discussed, including the  spinning c o i l ,  rubid-ium, f luxgate,  and proton 

magnetometers. The rubidium magnetometer has the  advantage of being able 

t o  operate over a la.rge dynamic range, but  temperatures must be ca re fu l ly  

controlled,  and power requirements a re  r e l a t i v e l y  l a rge .  For measurements 

i n  weak f i e l d s  the sa,turable core f luxgate magnetometer has a number of 

advantages because of low power m d  weight requirements and non-cr i t i ca l  

temperature. 

For space disturbance purposes, magnetometers should be placed i n  

regions where the physics of the  magnetospheric in te rac t ions  a re  wel l  

understood. A spacecraft  with a magnetometer i n  he l iocen t r ic  o r b i t  on 

t he  evening s ide  of the  e a r t h  beyond the  range of the  magnetosphere shock 

would provide a one-to-two day warning of space d i s tu rbmces  . Geosta,t ionary 

s a t e l l i t e s  which would monitor the  magnetospheric react ion t o  so la r  dis--  

turbances could give severa l  hour-to-1/2 day warnings of disturbances . The 

fluxgate type magnetometer is  recornmended f o r  these  purposes because of 

long-term r e l i a b i l i t y  and low power and weight r eq~~ i r emen t s .  It is con- 

s idered t h a t  t he  techniques a re  suff ic ient ly  developed f o r  operational  

appl icat ions ,  perhaps as piggy-back on space science s a t e l l i t e s ,  a s  well  

as on operational  s a t e l l i t e s  such as  GOES, the  present planning fo r  which 

now includes a magne torneter. 

3.0 Sunblazer Study 

I n  connection v i t h  a NASA program t o  rnalce s tud ies  of the  so l a r  corona 

using radio  s igna l s  transmitted by s~sn-orbl t ing syacecraf t , ac ERL team 

wa.s assembled. The rfiembers of t'7i.s tear0 )rere D-ryer, F r i t z  and Kl_emp,'rer, 



a l l  of' Space Disturbmces Laboratory, and Galle t ,  Offlce of the Director ,  

The study, which was requested by Calvin T .  Sirlift, 'NASA Lag l ey ,  was ma.de 

pr imari ly  t o  review the present s t a t e  of knowledge with respect  t o  the 

sola,r corona. The parameters considered f o r  the  so l a r  corona include the  

e lec t ron  densi ty  and s p a t i a l  f luc tua t ions  i n  e lect ron density,  and how 

these parameters change with time. The bes t  information avai lable  from 

the  l i t e r a t u r e  was used t o  obtain an e lec t ron  densi ty  model of t he  'solar  

corona extending a s  f a r  a s  L A U .  

The avai lable  l i t e r a t u r e  regarding the  proper t ies  of the  so l a r  corona 

was assembled by Murray Dryer. These r e s u l t s  were used t o  provide values 

of e lec t ron  densi ty  and other so l a r  corona parameters such as  p a r t i c l e  

ve loc i t y  with respect; t o  distance from the  sun. He a l so  considered the  

e f f e c t s  of magnetohydrodynamic "blas t  waves" r e 1 e a s e d . b ~  s o l a r  f l a r e  

eruptions . 
The methods of obtaining e lec t ron  densi ty  information i n  space by 

radio  techniques' were reviewed by F r i t z .  He considered the  techniques 

such as Faraday ro t a t i on  and phase s h i f t  measurements. Some of t he  par- 

t i c u l a r  d i f f i c u l t i e s  t h a t  may be encountered i n  the  Sunblazer program were 

pointed out .  These include the  problems associated with observing s igna l s  

through the  e a r t h ' s  ionosphere and so r t i ng  out the  e f f ec t s  of var ia t ions  

i n  the  ionosphere from those i n  the  s o l a r  corona. One problem i n  part icular  

is  the  f a c t  t h a t  because of re f rac t ion ,  radio  waves on d i f f e r en t  frequen- 

c i e s  propagating close t o  t he  sun fo l l ov  d i f f e r en t  ra,y paths on t h e i r  way 

t o  t h e  e a r t h .  He a l so  considered t he  r e l a t i v i s t i c  e f f e c t s  on electrornag- 

ne t i c  rad ia t ion  propagating i n  the s o l a r  gra.vi.tationa1 f i e l d .  One other 

problem involves the  propagation of the  radio  wa,ves a t  d i f f e r en t  angles 

with respect  t o  magnetic f i e l d s .  I n  some pa r t s  of the pa,th propagation 

i s  longi tudinal ,  while i n  others t ransverse .  Since f o r  transverse propa- 

gation there  is  no Faraday ro ta t ion ,  some d i f f i c u l t i e s  caa be expected i n  

in te rpre t ing  the  r e s u l t s  i n  terins of e lect ron densi ty  by the  Faraday 

rota,tion rnethod . 
I r r e g u l a r i t i e s  i n  the  in terplanetary  medjum as  observed by t he  sc in -  

t i l l a t i o n  technique >!ere considered by Klemperer and a.pplied t o  the  Sun- 

blazer  program, He considered the observational s i z e  of the  i r r z g u l a r l  t i e s  



with respect  t o  receiver  bandwidth and distance of the sca t te r ing  i r regu-  

l a r i t y ,  He suggested soroe advantages i n  using the  coherent s ignals  from a 

s a t e l l i t e  may be obtained i n  deteriflining the d l s  t ame  of the i r r e g u l a r i t i e s  

over those techniques which make use of random noise as  from radio s t a r s .  

Klemperer has a l so  addressed the  problem of flesigning the  very large  

and cos t l y  antennas needed t o  receive the  r e l a t i v e l y  weak s igna l  from the 

Sunblazer. In  t h i s  discussion he makes use of the  experience obtained i n  

developing the  large  antennas f o r  incoherent s c a t t e r  s tudies  of the  

ionosphere . 
Fwthe r  s tud ies  with respect  t o  the  Sunblazer program were terminated 

because of NASA's cancel la t ion of t h a t  program. 

4.0 S c i n t i l l a t i o n  Study 

One phenomenon t h a t  a f f ec t s  radio  s igna l s  propagating through t he  

ionosphere is  t h a t  known as  s c i n t i l l a t i o n s .  Sc in t l l l a t i ons  are  caused by 

f ie ld-a l igned i r r e g u l a r i t i e s  and a r e  predominant i n  the  polar and equa- 

t o r i a l  regions.  This phenomenon needs t o  be considered i n  designing com- 

munications systems using s a t e l l i t e s .  Since t h i s  problem has a bearing on 

the  aeronautical communications s a t e l l i t e  system m d e r  consideration, 

Thomas Golden, of God-dard Space F l igh t  Center, NASA, requested. t h a t  we 

conduct a study t o  e s t ab l i sh  the  s c i n t i l l a t i o n  e f f e c t s  on the S-bca.nd f r e -  

quencies and t o  compare them with s c i n t i l l a t i o n s  on W. 

For t h i s  study, which was conducted by J. H .  Pope, Office of Programs, 

and R .  B. F r i t z ,  Space Disturbances Laboratory, the  AGC records obtained a t  

the  NOAA CDA s t a t i o n  a t  Gillrnore Creek, Alaska, were made ava i lab le ,  These 

records contained simultaneously the  received power l eve l s  a t  137 and 1695 , 

~ c / s .  The records, covering a period of about 40 days during March and 

April-, 1970, were examined a d  the  s c i n t i l l a t i o n  ainplitudes sca,led . 
S c i n t i l l a t i o n s  were detected a t  S-band frequencies, ' and these s c i n t i l - -  

l a t i ons  were found t o  have a general cor re la t jon  with VHF s c i n t i l l a t i o n s .  

E l e ~ a t ~ i o n  angle and bearing angle dependence, and diurnal  var ia t ions  were 

es tabl ished f o r  the two f r e q ~ ~ e n c i e s  and were found t o  have nearly iden t ica l  



cha rac t e r i s t i c s  on the two i'requeacies, Instru.inerrta!_ l imi ta t ions  irriposed 

a threshold oa the S-band channel t h a t  was greater  than the  alnplitudc of 
2 S-band s c i n t i l l a t i o n s  t h a t  would be obtainzd by l / ~  extrapolation of the  

mIF a,mplitu.des. When the  S-band s c i n t i l l a t i o n s  exceeded t h i s  threshold,  

it was found t h a t  the VKF s c i n t i l l a t i o n s  were i n  general  close t o  s a tu r -  

a t i on .  The weak s c a t t e r  theory t h a t  i s  used f o r  s c i n t i l l a t i o n s  would 

pred ic t  a frequency dependence with an exponent of between 1 and 2 .  The 

S-band s c i n t i l l a t i o n s ,  however, were such t h a t  the  exponent was somewhat 

l e s s  than I, indicat ing a breakdown i n  the weak s c a t t e r  theory, a t  l e a s t  

during conditions under which t he  S-band s c i n t i l l a t i o n s  were observed. 

The r e s u l t s  are  t o  be published i n  a NOAA Technical Report, " ~ i g h  

Latitude S c i n t i l l a t i o n  Effects  on VHF and S-band S a t e l l i t e  Transmissions," 

by J. H. Pope and R .  B. F r i t z .  

5.0 In te rac t ion  with NASA Personnel 

More de ta i l ed  though l e s s  formal repor ts  on each of the  s tud ies  were 

provided i n  a t imely fashion t o  the  appropriate NASA personnel, and i n  

pa r t i cu l a r  the  s c i e n t i f i c  monitor, D r .  E .  R .  Schmerling. The f u l l  repor ts  

on the  Sunblazer S c i n t i l l a t i o n  s tudies  were shared and discussed with 

M r .  Swift and Mi- .  Golden, respect ively .  This f i n a l  contract  repor t  i.s 

intended as a summary of a l l  contract  a c t i v i t i e s .  


