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Research conducted in whole or in part under NASA Grant 
- 

no. 577 includes theoret9cal and experimental radio a i d  radar 

studies  of lunar  and planetary ionoapheres, atmospheres, ana 

surfacesP m d  radar studies  cf the sun and Fnterplenetam 

medium. 

S$udies of the correlatfon characteristic6 of radio nofse 

storms from Jup i t e r  and from the sun have begun, The noise, 

recorded at two closely-spaced freguencles around 25 He, was 

digitally sampled and cross-correlated. The degree of eoxela-  

t i o n  should gleld infcrmation on the noise  generatfon mechanisnns 

and/or scintillation effects along the path. 

correlatron exlsts, the Qime s h i f t  at whlch ths r n a x i m m  correfa- 

t i o r !  OCCUPS can glve information c)n the 1ni;egra-i;sd eLectrcn 

dens-ity b e t m e n  s u r c e  and rece2ycr. (At the sowce: ,  correlat ion 

woizld exist at zero tfme sh2f.t;. Bwever  in pcssfng t h rough  the 

mien detectable 
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PROPAGATION CMARACTETZSTICS TBR9UGH THE SOLlhR CORONA 

A rad io  wave sent from earth t o  a solar probe w i l l  suffer 

a doppler shlft aplsing primwily PPOM the motion of %he solar - 
I 
i probe. AssuEllng a circular orbit of the probe about the sm, I 

a stat lc ,  spherically symmetric corona with appropriate electron 

density distribution,  and uslng khe high frequency apgsoximation 

for the refractive index of the r21edlurnt the dopplei? shift  of a 

signal received at the probe was calculated. Two cases were 

considered: 

a direct  path to the ppobe, and (2) the change In doppler 

betxeen kwo ~a3s, or-e of which travels directly to the probe 

Vihile the other s u f f e r s  severe refractlon am3 travels along 

a carom pa-i;h, 

(1) the doppler s h i f t  of a wave g~opagating along 

Case 1: The doppler shirk can be expressed as t he  sura o l  

the free space dappler and doppler excess, ExpressSlons for the 

the orbit rsdl-lus as parameter, 

I 
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was considered in asraving at the dopgl’er change. Results 

were ppesented in *he Born of curves of %he r a t io  of‘ the 

doppler change to the probe speed p lo t t ed  as a function of‘ 

the spacecraft position ab the two frequencies, 50 and 100 Me. 

InvestSgatlan has begun on the use of radlar asLronomy 

techrlLques f o r  detectfng the  presence of WID waves in %he Lnter- 

planetary medium. This Investigation was mo.f;ivated by results 

of magnetoroster measurements aade by ?;he first Pioneer flfghts 

whlch produced evidence of‘ BXD waves in the intexplanetary 

medium, Ev-idence also polnteb to the existence of shock wares 

whFch if substantiated would serve as s?p1 important confirmakion 

of the Idea tha3 MHD shocks.can be formed in co l l i s ion le s s ,  

gyrotropic pl- csmas . 
The part of khe  investiga@ton conducked to date has con- 

srsted of beconing familiar wlth the l i terature on EQZD waves 

in colllsfonless plasma. 

si’ an FdzD dtZsturf3ame car, be feadlfy detec-bed using bista%ic 

I’c 1s zntlclpated ‘chat the presence 

3 



.. I 

SOLAR RADAR PRWW 

Work on the 1963 solar data has been completed with the 

conclusion that no solar echoes were present, even in the 

addition of nearly 20 runs. 

Laboratory results suggests that the solar cross sectfon is 

smaller than requlred for detec-kion by the SLanfom3 radar and 

is decreasing as the sunspot minfnlltm apppoaches, 

Coa?putation based on the Lincoln 

Sfnce the potential contribution to knowledge about %he 

solar corona through the use of 25 Ms radar echoes is great, 

preparat;Sons are now underb~ay for as m a n y  m s  as posslble 

dur lng  the summer of t k l s  year. Da'ca reduction techniques 

hzve been modified to 5nc3ude t'ne use of an XW, 1620 for di- 

gi'cizfng the two g-eceived channels. This wfll doihls1e ehe 

number of data points avaflable, since individual fntegratlons 

w i l l  be one second long instead of two seconc2s. A s m a l L  addi- 

tkonal improvement As a l s o  expected from slightly increased 

transrnStter power output, "tough a major impease can only 

be accomplished by amassing ~ f i a ~ l ; ~ ~  many Indiv idua l  m n ~ .  

\- 

CISLUNAR GAS STUDIES 
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been stored in easily accessible fom on dig i ta l  tape. In 

addltiori %o the Faraday and dogpler data, detai led amplitude 

and golarizatlon data are available on ehese tapes. IC is 

now possible to conduct mmy dffferent studies on thls large 

~?antl ' i ;g of data with mlfn%murn expenditure of time and money. 

?resent plam ca l f  fo r  studies of the scfntillaticn, lfbrationr 

and p o l a ~ l z a t l o n  characteristics of the signals, and of cross 

correlations between fading on the &wo frequenczes, between 

Padbigs on one frequency received at 'rvo differen% locsr-i-tons, 

and betxeen fading af?d density- chmges determined by the Fa-raday 

and dopplei= measurements. De'i;afl,ed analysis of events observed 

during times of solar and lunar ecl3.pses have been planned. 

Several. of these studles have been sta~ted, clearly i l l u s t r a t i n g  

k1-k ease wi-ih which the desired fnfor;il?alion can be extracted from 

the digital computer. 

Several methods or' uezs-eriEg cis lunar  gas clensity (origi- 

nally proposed by Eshlemen, Barthle, m d  Gallagher in the 

October 1960 i s sue  of the Jot l rnal  of Geophysical Researchjhave 

been fu~-s.thesl s3udied in the 19ghG of the experZmental rzsul"i;. 
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generally accepted values of a f e w  gears Ego. cm\_e net result 

is tha$ the spread in delay, or noise on the dlfference signal ,  

is many times greater than the desired measurement. 

Investigation of pseudo-mndom coding techniques for group 

path measurement has progressed nearly t o  the hardware stage. 

The principal a i m  is t o  measure the difference i n  radar range 

to %he moon .on two widely separated frequencies bg %he use of 

coding techniques similar to those employed in the solar radar 

Program. Bsed  on the currently ppedicted cislunar gas den- 

&ties, a 10 to 100 psec d2fference in t2Lne of flight for radar 

frequencies of 25 and 50 Hc is expected. 

for coding %he 300 kuJ and 50 kw transmissions w i & h  a 180" 

phase reversal modulator driven from a 27-1 rzndom sequence 

Presenk plans call 

generator. By using a clock frequency of 100 kc i- i ;  should be 

possible to obta in  10-ysec range resolut ion Ltrhile s t i l l  caking 

advantage of the lzrge average powers of' the transnitters. 

The total sequence lengtn would! then be 1.27 nsec. Slnce 

the mson I s  11.3 msec deep, t h i s  would mean that  the t o t a l  

energy reflecked would be folded over onto i tself  about nine 

tlmes. Stanford Research I n s t i t u t e  and Lincoln Laboratory 

studies have Indicated that the leading edge of the moon has 

a very strong r e t u r n  with half the  t a h a l  power containcd in 

a range depth of 10 psec 01- less. 

ko rarge on t h Z s  s h a q  r e t u m  tdifle disregarding khe ra.ndom 

noise e o n t r l b u i i o n  fs=crm the  rest cE' the m o n .  

Thus I t  should be possible 
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In addition to the usual doppler and Faraday measurements, I 

a double sldeband slgnal is transmitted on 50 Mc at the begin- 

ning and end of each run. 

polarization of' the two slgnals separa"ce8 by 100 or 400 kc, 

it is possible to "unwind" the Faraday and determine the total 

number of rotattons s ince leaving the transm3.tctlng antenna. 

Thus, it I s  now possible  each day to measure total e lec t ron  

content  in the ionosphere as a function of t i n e  and rate of 

By measuring the d i f f e rence  In 

change of e l ec t ron  conten% o'vm WE entiRearth-moon path. 

Prelirninar=y r e s u l t s  of the t o t a l  content 60 

wfth sa-lellite measurements and exhibit %he 
._ 

behavicr. 

PAF'EXS PRESENTZD 

.da.i;e agree well 

predlcted d iu rna l  

, A t  the SprSng 1964 meetdng of the Internatbonal Sclentific 

Radio Uaion he ld  in Washlngton, D. C. from April 15-18, the 

following papers were presented desci.ibing research suppopted 

!rrhollg OF In part by t h i s  emtract: "Lfmb diffractfcn and 

atmospheplc refraction of rilcfio w m e = :  by iTa~?s~" (G. PJeldbo 

and V. R. Eshleman); "Backscatter from par t ia l ly  ionized 

regions, I' (0. &meman } ; "Jupiter decaaetric polarlzatlon viewed 

through the solar wind,t1 (B. B. Lusignan); a26, 11 The explcration 
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On April 28, Prof. 17. R. Eshleatarl addressed khe Space ScleRce 

Symposium at NASA Ames Research Center on the subjec-l, llB-lstatZc 

radar astronomy. " 
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During this reporting period the following technical reports 

aid journal articles were published: 

and surfaces," by Gunnar Fjeldbo, Sc ien t i f i c  Report no. 2, 

1%3Ct-377, Radfoscience Laboratory, Seanford Unlversity, CalFfornfa. 

Radar doppler measurements of the cislunar mediumg" by li 

B. T. Howard, P. Yoh, and U. R. EshLemant J. Geophgs, Res., 69, 

535-539, February 1, 1964. 
- 

"Radar doppler and Faraday polarization neasurements of the 

clslunal> medzun durhg the July 20, 1963, solar eclipse," by 

H- T- Hma?d, B. B. Lusignan, P. Yoh, and V. R. Eshlenan, 

by electron backscatterigg from the ionosphere and magnetosphere, t: 


