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Abstract 

Two-dimensional isophotes of the extreme solar 

corona (r , 45 R ) have been derived from integrated max 0 

vidicon pictures taken from the moon's surface by the 

unmanned probes Surveyors 6 and 1. These data were 

calibrated through use of previously published values 

for the coronal brightness gradient along the ecliptic,, 

The resulting structure of the outer corona is compared 

to ground-based observations of the innermost corona 

(1.125 5 r / ~ ~  5 2.0) made by the High Altitude Observa- 

tory K-coronameter. The possible existence of a strean~er 

seen by Surveyor Z_ is analyzed over the region 15 < r .: 22.5 R - -- 0' 



1. INTRODUCTION 

E c l i p s e  measurements of  t he  s o l a r  corona beyond 1 5  

t o  20 R a r e  precluded due t o  t h e  r e s i d u a l  sky br ig i~ tmess ,  e 
even a t  s t r a t o s p h e r i c  a l t i t u d e s .  Conversely, obse rva t ions  

of t h e  zod iaca l  l i g h t  inward of a  s o l d r  e longa t ion  

angle  c < 20" ( i . e . ,  < 80 R ) a r e  prevented by t w i l i g h t  - 6 

f o r  ground-based observa t ions ,  o r  by i n s t r u n e n t a l l y  

s c a t t e r e d  l i g h t  f o r  space probes .  Thus t h e  c r u c i a l  

i n t e r f a c e  zone between t h e  corona and zod iaca l  l i g h t  

(4  < c < 20") remains poor ly  observed r e l a t i v e  t o  t h e  

i n n e r  and o u t e r  p o r t i o n s .  

These d i f f i c u l t i e s  a r e  overcome i f  t h e  obse rva t ions  

can be made from t h e  luna r  s u r f a c e  j u s t  a f t e r  l o c a l  sunset 

o r  be fo re  s u n r i s e .  There i s  no atmosphere t o  s c a t t e r  

l i g h t  i n t o  t h e  f i e l d  o f  view, and t h e  b r i g h t n e s s  of sun- 

l i g h t  d i f f r a c t e d  from t h e  luna r  limb i s  n e g l i g i b l e  due 

t o  t h e  d i s t a n c e  from t h e  o c c u l t i n g  hor izon .  This  exper i -  

ment was performed wi th  fou r  o u t  of  t h e  seven unmanned 

Surveyor moon probes dur ing  the  pe r iod  1966 t o  1968. 

Pre l iminary  r e s u l t s  from Surveyor 1 have been published 

(Norton e t  a l . ,  1967) ; f u r t h e r  r educ t ion  o f  t h a t  d a t a  

was precluded by a  r e l a t i v e l y  p r i m i t i v e  d a t a  format and 

c a l i b r a t i o n .  An e l e c t r o n i c  f a i l u r e  on Surveyor 5 l e f t  - 
a l l  t h e  co rona l  images except  t hose  of  the i nne r  corona 

o u t  o f  focus .  Tnus on ly  t h e  l a s t  two f l i g h t s ,  6 and 7, - 



y i e l d e d  d a t a  amenable t o  the  a n a l y s e s  c o n t a i n e d  i n  t h i s  

paper .  

Although t h e  Surveyor  program was o r i g i n a l l y  des igned  

t o  y i e l d  b o t h  a b s o l u t e  and p o l a r i z a t i o n  photometry, w e  

found t h a t  t h e  c a l i b r a t i o n s  n e c e s s a r y  t o  complete t h e s e  

programs f o r  t h e s e  c o r o n a l  d a t a  were n o t  s u f f i c i e n t .  Thus 

o n l y  a r e l a t i v e  photometry o f  i n d i v i d u a l  f rames  c o u l d  be 

accomplished.  D e t a i l s  a r e  g i v e n  i n  s e c t i o n  2 .  

2 .  OBSERVATIONAL TECHNIQUES 

2 . 1  Surveyor  Vidicon Camera 

The Surveyor  camera sys tem c o n s i s t e d  o f  a n  e l l i p t i c a l  

f o l d i n g  m i r r o r ,  a  f i l t e r  wheel, a  v a r i a b l e - f o c u s  l e n s  and 

i r i s ,  a  mechanica l  s h u t t e r ,  and a  1-inch d i a m e t e r  v i d i c o n  

tube  (Genera l  E lec t rodynamics  Corpora t ion ,  1335-A s e r i e s )  . 
The a l t - a z i m u t h  mounted m i r r o r  f e d  l i g h t  t o  t h e  v e r t i c a l  

f i l t e r - l e n s - v i d i c o n  system. I n  Surveyors  - 6 and 7 t h e  - 
f i l t e r s  were p o l a r o i d s  (0-45-90°) p l u s  a  matching n e u t r a l  

d e n s i t y  f i l t e r .  The s p e c t r a l  r e s p o n s e  o f  t h e  e n t i r e  system 

was from 3900 t o  6600 6, w i t h  -5200 1. 

A l l  o f  t h e  c o r o n a l  p i c t u r e s  a n a l y s e d  i n  t h i s  paper  

were t a k e n  a t  f /4  and 25mm f o c a l - l e n g t h  s e t t i n g s  u s i n g  

t h e  n o n - p o l a r i z i n g  n e u t r a l - d e n s i t y  f i l t e r  . An " i n t e g r a t e  B t  



exposure mode was accomplished by opening t h e  s h u t t e r  

and tu rn ing  o f f  t h e  e l e c t r o n  scanning beam. A f t e r  t h e  

d e s i r e d  exposure time, t h e  s h u t t e r  was c lo sed  and the  

i n t e g r a t e d  charge r ead  o f f  t h e  t a r g e t  us ing a  600-Line 

r a s t e r .  La t e r  each l i n e  was d i g i t i z e d  i n t o  684 elements;  

I t hus  each " p i x e l "  reso lved  , 2.4 a r c .  

2 . 2  C a l i b r a t i o n  of  Vidicon Data 
~ " r y r ) * - Y s C v ' - " c w . ~ . k r M 7 -  

E f f e c t s  such a s  frame shading and geomet r ica l  dis- 

t o r t i o n  were c a l i b r a t e d  p r i o r  t o  f l i g h t  and then  removed 

du r ing  t h e  b a s i c  image process ing  a t  t h e  J e t  Propuls ion 

Laboratory.  A f t e r  some e f f o r t  it was concluded t h a t  

n e i t h e r  a b s o l u t e  nor  comparative ( t o  g i v e  p o l a r i z a t i o n s )  

photometry was p o s s i b l e  due t o  lack  of  adequate c a l i b r a t i o n  

of  t h e  v id i con  i n t e g r a t e  mode, and t h a t  only  a  r e l a t i v e  

c a l i b r a t i o n  of frames made w i t h  t h e  non-polarized f i l t e r  

might r e t a i n  r ea sonab le  r e l i a b i l i t y .  

This  r e l a t i v e  c a l i b r a t i o n  was accomplished by r e q u i r i n g  

t h e  v id i con  s i g n a l  - a long  - t h e  e c l i p t i c  t o  match, p o i n t  f o r  

po in t ,  t h e  mean of publ ished va lues  f o r  t h e  extreme corona 

summarized by Blackwell  e t  a1 . (1967) ,  and i l l u s t r a t e d  - -- 
i n  F igure  1. Although t h e s e  va lues  show a s c a t t e r  of  

a b s o l u t e  b r i g h t n e s s  o f  '2 50% a t  any g iven  e longa t ion  

( i l l u s t r a t e d  by t h e  r eg ion  enclosed by dashed l i n e s  i n  

F igure  I ) ,  t h e i r  g r a d i e n t s  a r e  remarkably c a n s i s t e n t ,  



even between epochs a t  extremes of s o l a r  a c t i v i t y .  

The v id i con  s i g n a l  was normalized t o  u n i t y  a t  t h e  

p o i n t  20 Rp on t h e  e c l i p t i c .  A c a l i b r a t i o n  curve w a s  

determined which brought  t he  r a t i o  of  t h e  v id i con  signal: 

a t  any e c l i p t i c  p o i n t  i n t o  agreement wi th  the  mean c u r v e  

shown i n  F igure  1. This  curve was then used t o  c a l i b r a t e  

t he  e n t i r e  f i e l d .  The value of the  v id i con  s i g n a l  used 

was t h e  d i f f e r e n c e  between the  s i g n a l  S, averaged over a  

3 x 3 " p i x e l w  ma t r ix  cen te red  on l i n e  L and element E f o r  
- 

a  given f i e l d  po in t ,  and a  mean background value,  Sb, 

determined a t  f i e l d  p o s i t i o n s  f a r  from t h e  e c l i p t i c ,  

The v id i con  r a s t e r  l o c a t i o n  of as t ronomica l  p o s i t i o n s  

was determined by t h e  s t a r  images conta ined  i n  t h e  frames 

( s t a r s  a s  f a i n t  a s  mv = - 4.6 were recorded by a  30-minute 

i n t e g r a t i o n  i n  Surveyor - 7 ) .  The problem was a  standard 

a s t r o m e t r i c  one, complicated on ly  by t h e  f a c t  t h a t  t he  

v id i con  r a s t e r ,  (L, E ) ,  was a c a r t e s i a n  coord ina te  system 

both  r o t a t e d  and en la rged  with  r e s p e c t  t o  t he  s tandard  

system, (x,y) , used i n  as t romet ry .  The f i n a l  c a l c u l a t i o n  

of  any p o i n t  (L, E )  from predesignated h e l i o c e n t r i c  coor:din-- 

a t e s  (r, e ) ,  where r = r a d i u s  v e c t o r  i n  s o l a r  r a d i i  and 

6  = p o s i t i o n  angle  about t h e  sun ( N  = 0°,  E = 90° ) ,  was 

i n  e r r o r  by < 1 p i x e l  ( -  2<4 a r c )  a s  determined by star - 
images. 



2 . 3  Corroborat ing K-coronameter Observat ions  
C V I W - ~ v - - v ~ V v ~ , - " r U l l ~ . - , w  

The High A l t i t u d e  OSservatory k i n d l y  suppl ied  

K-coronameter obse rva t ions  o f  t h e  innermost  (1.125 

< r 5 2 R ) corona taken on t h e  same o r  n e a r l y  t h e  - c? 
same days a s  t h e  Surveyor p i c t u r e s .  The K-coronameter 

i s  a  land-based, p h o t o e l e c t r i c  scanning coronagraph 

t h a t  s e p a r a t e s  t h e  co rona l  s i g n a l  from t h e  back- 

ground s o l a r  au reo le  by v i r t u e  o f  t h e  p o l a r i z a t i o n  of 

t h e  K-corona. I t s  o u t p u t  s i g n a l  i s  t h e  product  of t h e  

p o l a r i z a t i o n  and b r i g h t n e s s  o f  the  corona, pB, and i s  

measured i n  u n i t s  of  LO-* of t h e  c e n t e r  of  t h e  s o l a r  

d i sk ,  I,. The c h a r a c t e r i s t i c s  o f  t h e  da t a  from this 

ins t rument  have been covered i n  t h e  r e c e n t  l i t e r a t u r e  

(Hansen - e t  -. a 1  9 1969 a ;  Bohlin, 1970 a )  . 

3 . OBSERVATIONAL RESULTS 

3 . 1  Surveyor 6  : 2 4  November 1967 

The b r i g h t n e s s  contours  de r ived  from Surveyor 6 - 
a r e  shown i n  F igu re  2 .  These i sopho te s  were o r i g i n a l l y  

genera ted  by computer from a 5 l i n e  x 5 element g r i d  of  

t h e  v id i con  p i c t u r e ;  t h e  f i n a l  con tours  were then  

drawn by hand a s  smoothed envelopes,  so  t h a t  t h e  contour 

band-width i s  a  measure o f  t h e  u n c e r t a i n t y  (photometr ic  

and no i se )  i n  t h e  d a t a .  The minimum (outermost)  contour 



i s  t h a t  l e v e l  a t  which t h e  s i z e  o f  t he  s i g n a l  above 

background equaled the  propagated RMS e r r o r .    he r a t i o  

of  t h e  maximum t o  minimum contour  l e v e l s  i n d i c a t e s  a 

usab le  dynamic range o f  15x f o r  t h i s  v idicon,  corn- 

parab le  t o  t y p i c a l  photographic emulsions.  

The o u t e r  corona r ep re sen ted  by t h e s e  i sophotes  

i s  q u i t e  symmetric about t he  e c l i p t i c  and d i d  not  d i s -  

p l ay  any d i s c e r n i b l e  s t r u c t u r e  f a r  from the  s o l a r  

e q u a t o r - e c l i p t i c  p lane .  These contours  t h u s  imply 

an absence o f  l a rge ,  b r i g h t  s t reamer  s t r u c t u r e  on the 

e a s t  s o l a r  limb of  24 November 1967. 

The K-coronameter observa t ions  du r ing  t h i s  per iod,  

which i n  f avo rab le  c i rcumstances  can h e l p  i n d i c a t e  the  

presence of s t reamer  s t r u c t u r e  (Bohlin,  1970a),  were 

q u i t e  l i m i t e d  by cloudy weather .  The i sophote  p i c t u r e  

de r ived  from t h e  a v a i l a b l e  scans  ( a t  1.125 and 1.25 Ra 

only)  a r e  shown a l s o  i n  F igure  2 a t  both  i d e n t i c a l  

and 4x en la rged  s c a l e s  a s  compared t o  t h e  Surveyor 6 - 
obse rva t ions .  Scans of such l i m i t e d  e x t e n t  above the 

limb a r e  no t  s u f f i c i e n t  t o  i n f e r  t he  presence of  

s t r eamers .  

Examination of t he  d i s k  a c t i v i t y  s e v e r a l  days 

e i t h e r  s i d e  of 24 November 1967 i s  a  l i t t l e  more help- 

f u l  i n  i n f e r r i n g  p o s s i b l e  corona l  s t r u c t u r e .  There w a s  

l i t t l e  o r  no s i g n i f i c a n t  a c t i v i t y  a t  a l l  no r th  of L O 0  

S  l a t i t u d e s ,  b u t  a  band o f  a c t i v i t y  d i d  e x i s t  from 15 to 



30' S. Based on a  p rev ious  s tudy  of  the a s s o c i a t i o n  

of d i s k  a c t i v i t y  t o  corona l  s t r u c t u r e  (Bohlin 1970a, 

b) 9 we might expec t  t h a t  t h e  no r the rn  quadran t  o f  the 

e a s t  limb t o  have been r e l a t i v e l y  devoid o f  d i s t i n c t  

s t reamer  s t r u c t u r e s ,  b u t  t h a t  some s t reamers  may have 

e x i s t e d  i n  t h e  c e n t e r  o f  t h e  sou thern  quadran t .  In 

f a c t ,  a  s tudy  o f  t h e  b r i g h t n e s s  p r o f i l e s  a t  c o n s t a n t  

r a d i i  from the  sun (F igure  5, l e f t  s i d e )  shows t h a t  the 

southern  quadran t  was b r i g h t e r  than  t h e  nor thern  qaadran t  

f o r  r a d i i  < 2 0  Ra. Thi s  f u r t h e r  confirms t h e  idea  t h a t  
N 

perhaps t h e  n o r t h e a s t  quadran t  of  t h e  24 NovemSer 1967 

corona was o f  a  q u i e t  o r  background na. ture.  

3.2 Surveyor 7 :  23 January 1968 
,.,---LMC*-VZE--UVIcr*~ 

The Surveyor 7 obsg rva t ions  were made much Later a f t e r  - 
l una r  s u n s e t  t han  t h o s e  of  6 and wi th  a  longer  exposure - 
t ime.   h he longer  i n t e g r a t i o n  t imes were p o s s i b l e  he- 

cause  it was found t h e  v id i con  f i l amen t  could be switched 

o f f  du r ing  in t eg ra t ion . )  Thus t h e  l una r  limb c u t s  o f f  

t h e  f i e l d  inward of  -15 Ro , b u t  t h e  measurable e c l i p t i c  

b r i g h t n e s s  extends  a lmost  t o  45 Rn. The i sophotes  from 

Surveyor 7 a r e  s h w n  i n  F igure  3, which i s  e n t i r e l y  - 
analogous t o  F igu re  2 .  Due t o  t h e  i n c l i n a t i o n  of t h e  

e c l i p t i c  t o  t h e  l una r  hor izon  on ly  a l i m i t e d  p o r t i o n  

of t h e  no r th -eas t  quadran t  corona i s  v i s i b l e .  The i n n e r  



i sopho te s  e x h i b i t  reasonable  symmetry about t h e  e c l i p t i c  

over  t h e  l i m i t e d  range of complementary l a t i t u d e s  north 

and sou th  about  t h e  e c l i p t i c .  

The K-coronameter obse rva t ions  f o r  t h i s  d a t e  were 

e x c e p t i o n a l l y  good and complete t o  a  maximum r = 2 - 0  Rn, 

The r e s u l t i n g  i sophote  p i c t u r e  i n  F igure  3 demonstra tes  

t h a t  l a rge ,  b r i g h t  s t reamers  were a lmost  c e r t a i n l y  

p r e s e n t  on t h e  e a s t  limb a t  p o s i t i o n  angles  of  20 and 

145'. The former f e a t u r e ,  i f  p r e s e n t  i n  t h e  o u t e r  

corona, would have been hidden by t h e  l una r  limb. The  

f e a t u r e  a t  145O, however, should have emerged c l e a r l y  i n  

t h e  f i e l d  of  view i n  t h e  s o u t h e a s t  quadran t .  A d e s c r i p t i o n  

of  t h e  search  f o r  t h i s  f e a t u r e  i s  g iven  i n  s e c t i o n  4 . 1  

below. 

To canf i rm t h e  p o s s i b l e  presence of  t h i s  streainer, 

it i s  u s e f u l  t o  pursue t h e  n a t u r e  o f  t h e  K-coronameter 

f e a t u r e  a t  145O by comparing it t o  t h e  under lying d i s k  

a c t i v i t y .  For t h i s  purpose it i s  only necessary  t o  

i n v e s t i g a t e  t h a t  a c t i v i t y  w i t h i n  n A O O  e i t h e r  s i d e  

o f  t h e  limb p o s i t i o n  f o r  the  d a t e  i n  q u e s t i o n .  That i s ,  

t h e  Tnomson s c a t t e r i n g  r e spons ib l e  f o r  t h e  K-corona h a s  

a  sharp  maximuln f o r  e l e c t r o n s  l oca t ed  very near  to, and 

i.n d i r e c t i o n s  perpendicula r t o ,  t h e  observer  ' s  p l a n e  of 

the sky ( f o r  example, s ee  Leblanc - e t  - 3  a 1  1970) . Ti-ie 

conbined e f f e c t  of t h e  s c a t t e r i n g  mechanism p l u s  t h e  

r a p i d  decrease  of  e l e c t r o n  d e n s i t y  away from t h e  sun i s  



t o  r e n d e r  t h e  b r i g h t n e s s  l ~ f  a  s t r e a m e r  l o c a t e d  -40' 

from l imb passage  a t  o n l y  a b o u t  1/10 t h a t  of  i t s  l id 

passage  v a l u e  ( s e e  Hansen -- e t  a l .  (196933) f o r  review o f  

c a l c u l a t i o n s )  . 
To t h i s  end, F i g u r e  4  superposes  t h e  K-corona- 

me te r  i s o p h o t e s  o f  24 January  1968 around t h e  s o l a r  d i s k  

o f  26 J a n u a r y .  The l imb p o s i t i o n  f o r  t h e  24th  i s  marked. 

on t h e  d i s k  a s  a  heavy l i n e  bounded b-g dashed l i n e s  a t  

+ 
-40' h e l i o g r a p h i c  l o n g i t u d e .  The correspondence  of the 

l a r g e  polar-crown prominence a t  55-60' S and t h e  c e n t r o i d  

o f  t h e  145' enhancement s t r o n g l y  sil .z~gests t h a t  t h i s  

c o r o n a l  f e a t u r e  w 3 s  a  l a r g e  he lmet  s t r e a m e r  of  e l a s s r c a L  

appearance ,  w i t h  l o o p  s t r u c t u r e  c o n n e c t i n g  t h e  opposing 

magnetic  p o l a r i t i e s  on e i t h e r  s i d e  a f  t h e  prominence,  

Tne p o s s i b i l i t i e s  o f  such loop s t r u c t u r e  is f u r t h e r  

sugges ted  by t h e  f i n e  s c a l e  s t r u c t u r e  o f  t h e  i s o p h o t e s  

themselves ,  and a  s a n p l e  c o r o n ~ ~ l  a r c h  i s  shown by t h e  d a s h e d  

l i n e .  I n  b a s i c  s i z e  (-30' span i n  l a t i t u d e )  and 

appearance  ( a r c h e s  t o  -1-1/2 R ) t h i s  s t r e a m e r  base  
0 

must have been ex t remely  s i m i l a r  t o  t h e  a u l t i p l e - a r c h  

system a n a l y z e d  i n  d e t a i l  by S a i t o  and Hyder (1968) 

o r  t h e  s t r e a a e r - e n h a n c e n e n t  "1" by Bohl in  (197Oa,b) .  



4 .  DISCUSSION - - 

4 . 1  Streamer Photometry from 15 t o  22-1/2 R 
hCVr-"-.r--~-- 

B 
---rSrS 

The prev ious  s e c t i o n  e s t a b l i s h e d  two observa t ion31  

f a c t s :  F i r s t ,  a t  l e a s t  t h e  no r the rn  quadran t  of the 

corona observed by Surveyor 6 probably r ep re sen ted  on ly  - 
t h e  background corona p l u s  zod iaca l  l i g h t  dur ing  this 

pe r iod .  Second, t h e  sou thern  quadran t  observed by 

S ~ ~ r v e y o r  7 might c o n t a i n  an a d d i t i o n a l  c o n t r i b ~ ~ t i o n  due - 
t o  a  s t reamer  a t  -145' a s  suggested by t h e  K-corona- 

meter obse rva t ions .  

These i d e a s  a r e  c l a r i f i e d  by F igure  5 which con- 

t a i n s  t h e  b r i g h t n e s s  p r o f i l e s  ( i n  u n i t s  r e l a t i v e  t o  a n  

e c l i p t i c  b r i g h t n e s s  of u n i t y  a t  2 0  R ) a long  those  
P 

r a d i i  which bo th  a r e  common t o  Snrveyors 6 and 7 and - - 

a l s o  r e t a i n  r ea sonab le  photometr ic  accuracy (15 < r - 

< 2 2 . 5  R@) . The Surveyor 6 p r o f i l e s  from 0 t o  85" were - - 
chosen a s  r e p r e s e n t a t i v e  o f  t h e  t r u e  background i l l u rn in -  

a t i o n  t o  be s u b t r a c t e d  from t h e  Surveyor 7 p r o f i l e s  i n  a - 
sea rch  f o r  a s t reamer  s i g n a l .  

The d i f f e r e n c e s  betwesn t h e s e  s e t s  of smoothed 

p r o f i l e s  a r e  given i n  F igu re  5 ;  t h e  propagated probable  

e r r o r  i s  i n d i c a t e d .  The p r o f i l e s  o f  t h e  outermost  K- 

coronaxe te r  scans  a r e  g iven  a t  t h e  bottom of  F igure  5 ,  

The correspondence i n  pos i t i o r ,  and apparen t  ang,ul_ar 

s i z e  between these K-coronameter and S,urveyor d a t a  are 



p e r s u a s i v e  ev idence  t h a t  t h e  r e s i d u a l s  a r e  r e a l  and 

r e p r e s e n t  d e t e c t i o n  of a  s t r e a m e r  between 15 and 22.5  W . 
E 

The i n t e n s i t y  g r a d i e n t  from t h e s e  r e s i d u a l s  i s  p l o t t e d  

-I1 
i n  F i g u r e  1; t h e  n o r m a l i z a t i o n  b r i g h t n e s s  o f  4 .8  x 10 - 

B0 - 

1.00 r e l a t i v e - b r i g h t n e s s  was used t o  p l o t  t h e s e  p o i n t s  on 

an  a b s o l u t e  s c a l e .  For  comparison,  t h e  s t r e a m e r  r e s i d u a l  

b r i g h t n e s s  v a l u e s  d e r i v e d  by Schmidt  (1953) ,  Michard ( l95 .4 ) ,  

and S a i t o  (1959) a r e  g i v e n .  c o n s i d e r i n g  t h e  pho tomet r i c  

u n c e r t a i n t i e s  i n  such ex tended  e c l i p s e  photometry, and 

t h e  u n c e r t a i n t i e s  a s s o c i a t e d  w i t h  t h e  p r e s e n t  v a l u e s ,  t h e  

cor respondence  i s  s a t i s f a c t o r y .  Converse ly ,  t h e s e  r e s u l t s  

i n  themselves  a r e  n o t  s u f f i c i e n t  t o  w a r r a n t  a  new 

e l e c t r o n  d e n s i t y  model, which i n  t h e  l a s t  a n a l y s i s  would 

be l i t t l e  d i f f e r e n t  from e x t r a p o l a t i o n s  o f  t h o s e  g i v e n  

by Michard o r  S a i t o .  Such d e r i v a t i o n s  a , r e  no b e t t e r  

t h a n  t h e  p h y s i c a l  model f o r  t h e  l i n e - o f - s i g h t  d i s t a n c e  

through t h e  s t r e a m e r ,  o f  co,urse,  which i s  s t i l l  l a r g e l y  

a  s p e c u l a t i v e  pa ramete r  a t  such r a d i i .  

4 . 2  Concluding Remarks 
Iuwv.YCYINWTVVCC*CW--" 

Time- in tegra ted  v i d i c o n  p i c t u r e s  o f  t h e  o u t e r  

corona  were o S t a i n e d  by t h e  Surveyor  moon proSe - 
m i s s i o n s .  An a n a l y s i s  o f  t h e  l a s t  two such rn iss ions  

l e d  t o  a  d e r i v e d  s t r e a m e r  b r i g h t n e s s  v a l u e  of  -1.25 

x LO-'' a t  15 R,. These b r i g h t n e s s  v a l u e s  a r e  i n  Ba 
r e a s o n a b l e  agreement  w i t h  e x t r a p o l a t e d  e c l i p s e  measure- 



ments of  s t reamers  and r e p r e s e n t  a two-fold i n c r e a s e  

i n  t h e  maximum d i s t a n c e  a t  which szreamer photometry h a s  

been achieved . 
This  experiment has  shown t h a t  a  p rope r ly  c a l i b r a t e d ,  

moon-based photometer could,  by observing t h e  r i s e  and 

s e t  of t h e  corona-zadiacal  l i g h t  twice  every luna r  

r o t a t i o n ,  immeasurably inc rease  our  unders tanding of this 

otherwise  e l l u s i v e  i n t e r f a c e  r eg ion .  



The o r i g i n a l  astronomy cormnittee f o r  t h e  J e t  

P r o p l s i o n  Laboratory Surveyor miss lons  was composed 

of  D r s .  R .  H .  N3rton (JPL), J. E .  Gunn (JPL),  W .  C ,  

Livingston ( K i t t  Peak Nat iona l  OSservatory) , G .  A .  

Newkirk (High A l t i t u d e  Observatory) ,  and H .  Z i r i n  

(H3le Observa tor ies ,  C a l i f o r n i a  I n s t i t u t e  of Tezhn2logy),  

This  i n v e s t i g a t i o n  was begun a t  t h e  sugges t ion  3f 

P ro fe s so r  Z i r i n ,  wh3 provided suppor t  and encourageaent 

throughout t h e  cou r se  of t h e  work. Norton, E .  T ,  Johnson  

(JPL),  and J. J. Rennilson (JPL- ~ a l t e c h )  g e n e r o q ~ s l y  

provided inva luab le  a s s i s t a n c e  and informat ion concerning 

t h e  da t a  and ins t rument  c a l i b r a t i o n s .  I an  indebted t o  

R .  T .  Hansen, ( M r s . )  S .  H .  Hansen, and C .  J .  G a r c i a  f r o m  

t h e  HA0 observ ing  s t a t i o n  i n  Hawaii who took and kindly 

suppl ied  t h e  K-coronaneter d a t a .  This  work was sup-ported 

by NSF a - 1 4 7 2  and WASA NGR 05-002-034 c o n t r a c t s .  
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CAPTIOXS - 

Figure  1. Br igh tness  ( r e l a t i v e  t o  t h e  s o l a r  d i s k  E ~ )  of 

t h e  o u t e r  corona and zod iaca l  l l g k t  a s  3 f u n c t i o n  

of  e longa t ion  from t h e  sun.  The uppermost dashed 

l i n e s  (----) a r c  t h e  mean envelope around t h e  

e x i s t i n g  mea,sured va lues  a s  summarized by 

Blackwell  -- e t  a l .  (1967) .  The enclosed d a ~ h - d o t  

l i n e  (-- ' -- ) wa,s used t o  c a l i b r a t e  the 

Surveyor d a t a  i n  t h i s  paper ;  t h ~ a e  d a t a  a r e  -- 
normalized t o  u n i t y  a t  20 R,, a t  which point 
- -11 
3/B0 = 4.8 x  10 . The le f t -hand  ccirves are 

s t reamer  b r i g h t n e s s e s  above background; the 

s t reamer  p o i n t s  de r ived  i n  t h i s  paper a r e  i n  t h e  

lower l e f t .  

F igu re  2 .  I sophotes  de r ived  from f r a n e  20063 s f  S u r v e ~ r  d - 

6 :  exposed 3  ininutes through a  non-polarized - 
f i l t e r  s t a r t i n g  a t  15:45 LTT, 24 Nove>&er 1967, 

The i sopho te s  a r e  marked i n  terms of  t h e  ratio 

of  t h e  s u r f a c e  b r i g h t n e s s  t o  t h a t  of  t h e  

e c l i p t i c  corona a t  20 R c a l i b r a t i o n  h a s  r e -  
(3- 

q u i r e d  t h e  g r a d i e n t  a lodg  t h e  e c l i p t i c  t o  m a t c h  

t h e  dash-dot curve  i n  F igure  1. The i sophotes  

of t h e  innermost  s ~ l a r  corona from K-corona- 

m e t e r  obse rva t ions  a r e  shawn a t  4x s c a l e  a s  

t h e  Surveyor d a t a .  



Figure  3. I sophotes  from f r a n e  37432 o f  Surveyor - 7 :  

exposed 15 minutes through a  non-polarized 

f i l t e r  s t a r t i n g  a t  14:32 UT, 23 January 1958, 

This  f i g u r e  i s  analogous t o  F igure  2 .  

F igu re  4 .  Supe rpos i t i on  of  K-coronameter i sophotes  3f 

24 January 1968 about  t h e  s o l a r  d i s k  of 26 

January,  a s  de r ived  from t h e  Fraunhofer I n s t i t u t e  

d i s k  maps. The e a s t  limb of 24 January i s  nark23 

a s  a  s o l i d  l i n e  on t h e  d i sk ,  bounded by dashed 

+ 
l i n e s  a t  -40' l ong i tude .  The d i s k  w i t h i n  t h i s  

zone most probably under lay any corun2l  structure 

observed by t h e  K-coronameter on t h e  2 4 t h -  The 

p robable  e x i s t e n c e  a f  a  l a r y e  helmet streamer 

a t  p o s i t i o n  angle  145" i s  i n d i c a t e d  by a 

dashed loop about  t h e  q u i e s c e n t  prominence 

and connect ing t h e  observed corona l  s t r u c t u r e ,  

F igure  5 .  Brig!ltness p r o f i l e s  a long c a n s t a n t  r a d i u s  

scans  f o r  15 - c r - < 22.5 RQ. The v e r t i c a l  

axes  a r e  i n  u n i t s  of  b r i g h t n e s s  r e l a t i v e  t o  

an e c l i p t i c  va lue  o f  1 .00 a t  20 R ~ .   eft s ide :  

Surveyor - 6 ;  t h e  no r th  qaad ran t  has been re- 

fleeted about  t h e  apparen t  p lane  of s y m e t r y  

a t  85"  f o r  r = 15 and 2 2 . 5  R a s  dashed 
0 

l i n e s .  Right  s i d e :  Surveyor z. Nate t h e  

g r e a t e r  b r i g h t n e s s  of  the  llwingsu f o r  - 7 a s  



compared t o  t h e  n o r t h e r n  q u a d r a n t  o f  - 6 .  

F i g u r e  5 .  R e s i d u a l s  between t h e  smoothed p r o f i l e s  of 

t h e  s o u t h e r n  q u a d r a n t  from Surveyor  -- 7 and t h e  

n o r t h e r n  q u a d r a n t  from Surveyor_ 6. The Sottorn 

two p r o f i l e s  a r e  t h e  ou te rmos t  K-coronameter 

s c a n s  from 2 4  January 1968 showing t h e  position 

o f  t h e  145'-enhancement on t h a t  d a t e  (see a l s o  

F i g u r e  3 ) .  
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