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P R O C E E D I N G S  - - - - - - - - - - -  
(10:30 a . m . )  

MR. MC ROBERTS: Good morning. I ' m  Joe McRoberts, 

from NASA headquar te rs .  

John Kley is pass ing  around a l i t t l e  tablet  t h e r e .  

Jot  your names down and w e  w i l l  give you a copy of t h e  t r an -  

script. 

trhatever. 

Of cour se ,  i f  you d o n ' t  need t h e  t r a n s c r i p t ,  why, 

T ransck ip t s  w i l l  be a v a i l a b l e  i n  about  a week. 

lave p i c t u r e s .  Les Gaver,  of cour se ,  h a s  p i c t u r e s .  Bob 

dcMillan, from JPL,  is here and also has p i c t u r e s .  

18s hackqround informat ion  and so f o r t h .  

We 

H e  also 

John Kley  is  he re  from Goddard, and h e  can h e l p  you 

In any of t h e  Goddard people or anyth ing  you want t o  know 

lbout t h a t  . 
The news conference is  be ing  p iped  o u t  t o  JPL, and 

'e w i l l  s t a r t  off w i t h  Rod M i l l s ,  the Program Manager a t  NASA 

e a d q u a r t e r s  b u t ,  first, I want t o  j u s t  i n t r o d u c e  D r .  Mil ton 

itz, proqram s c i e n t i s t s ,  who i s  h e r e  i n  t h e  audience.  

A l l  r i g h t ,  R o d ,  would you s tep  up, please? 

STATEMENT O F  RODNEY MILLS 
PROGRAM MANAGER 

NASA HEADQUARTERS 

MR. MILLS: Okay. Before  w e  ge t  t o  t h e  s c i e n c e  re- 

s u l t s ,  I j u s t  want to  make a b r i e f  report on t h e  miss ion  s t a t u 8  

1) 5 ' / I t  h a s  been a coup le  of months s i n c e  m o s t  of you have heard  
NEAL R. GROSS 

COURT REPORTERS AND TRANSCRIBERS 

1330 VERMONT AVENUE, NW 

/ I  

/ /  

WASHINGTON. D.C. 20005 ,.)n,\ * L *  . I - =  (2021 2 3 4 - 4 4 3 3  
\ 
\ 



. 
4 

about it. 

Voyager 1 is continuing on 

good condition. As of noon today, t 

its way to Saturn, in 

is 84+ million kilome-ers 

past Jupiter, and it's got about 725 million kilometers to go 

to Saturn. 

Voyager 2,  as of noon today, is 31.4 million kilomet- 

ers from Jupiter, headed inward and, for reference, it is about 

8 4 2  million kilometers from earth at this time. 
I 

Since we last spoke to most of y ~ u ,  there have been 

a couple of spacecraft events I want to discuss. First, Voyage1 

1 performed its large trajectory correction maneuver on April 

9 0  That was about a 7.3 hour burn of the thrusters that h- 

parted a delta-V of something like 64 meters per second; used 

up about 30 kilograms of our propellant and, at this time, we 

have left about 5 5  kilograms of propellant. 

We anticipate that we can track Voyager 1 far out 

beyond Saturn, probably out maybe 30 AU or more. 

Voyager 2 last Friday performed a minor trajectory 

correction maneuver to improve the aiming at Jupiter. That I ! !  

"" 
" I  , the velocity. 

was just a small, about a I+ meter per second adjustment in 
/ I  Ij 

*which, of course, it will reach on July 9 .  

It is now on a good trajectory for Jupiter 
1 

' )  4 -- 

Voyager 2 has been in the encounter period since 
,li April 2 4 .  It has been in t he  observatory phase observing 

Jupiter around the clock. ,- - 1  

NEAL R. GROSS 
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For t h e  last few LAYS, the s p a c e c r a f t  h a s  been in -  

volved i n  o b t a i n i n g  a five-rotation movie of Jupiter. Vow,  

yes t e rday  w e  s t a r t ed  the far Eacounter 1 o b s e r v a t i o n s .  

Everything is going well with t h e  spacecraft. If 

you will remember, it i s  the one t h a t  has radio problems -- 
: h a t  is# i t ' s  primary radio f a i l e d  q u i t e  s o m e t i m e  ago, and 

its secondary r a d i o ,  which w e  are us ing  t o  command it, has a 

from Goddard Space F l i g h t  Center ,  

a shor ted  c a p a c i t o r  which somewhat limits the frequency t r a c k i n g  

c a p a b i l i t y .  But  w e  have had no r e c e n t  problems i n  commanding, 

snd e v e r y t h i n g  looks l i k e  "go" for the encounter .  

I t h i n k  t h a t ' s  all I have t o  sayt so onward w i t h  the 

sc i ence  r e p o r t .  

MR. MC ROBERTS: Okay. Our f irs t  s c i e n c e  r e p o r t  

MR. PEARL: Thank yout and good morning. 

Our i n s t rumen t  has t w o  p a r t s ;  one is a radiometer 

:hannel which i n t e g r a t e s  over  m o s t  of t h e  solar spectrum, from 

sbout . 3  of a micron o u t  t o  about  2 micronso  and the o t h e r  is 

m i n f r a r e d  spectrometer. 

As you are probably aware, s p e c t r o m e t e r s  s p l i t  up 

the energy i n t o  its various wavelength components, such a5 YOU 

3ee a prism or  a r a i n d r o p  with solar r a d i a t i o n  breaking it i n t o  
NEAL R. GROSS 
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i ts  spectrum of c o l o r s .  

O u r  ins t rument  does t h e  same t h i n g  w i t h  t h e  i n f r a -  

red, e s s e n t i a l l y ,  b reaking  the h e a t  r a d i a t i o n  up i n t o  i ts  

what you might c a l l  " i n f r a r e d  colors". 

The r e s u l t s  I would l i k e  t o  d i s c u s s  today are r e s u l t s '  

f r o m  t h e  spec t rometer .  

I 
I 

Amalthea is  t h e  innermost moon o f  J u p i t e r .  Its 

diameter, i f  you t a k e  a n  average diameter, it i s  about  a 20th  I 

or a l i t t l e  more of t h e  d iameter  of t h e  e a r t h ' s  moon. On t h e  

f l y b y  of J u p i t e r ,  w e  g o t  a glimpse of it when t h e  s p a c e c r a f t  

was abou t  t h e  same d i s t a n c e  f r o m  it as t h e  e a r t h  is  from t h e  

e a r t h ' s  moon. 

I 

At t h a t  t i m e ,  t h e  s a t e l l i t e  o n l y  f i l l e d  abou t  1 per-  

c e n t  of o u r  f i e l d  of view, and t h e  data t h a t  w e  g o t  were Some- 

what no i sy .  The first sl ide shows t h e  spectrum t h a t  w e  got. 

As I s a i d , t h e  data  w e r e  noisy.  W e  p l o t t e d  t h e  i n t e n s i t y ,  as 

a f u n c t i o n  of t h e ,  ca l l  it t h e  " i n f r a r e d  color" d e f i n e d  by 

wave number. 

For t h o s e  of you who l i k e  to  t h i n k  i n  terms of wave- 

l e n g t h s ,  the wave numberis  the r e c i p r o c a l  of t h e  wavelength.  

200 wave n u m b e r s i s  50 micrometers,  400 is 25, 1 , 0 0 0  is 1 0  

micrometers . 
The solid c u r v e s  you see superimposed on t h e  data 

r e p r e s e n t  t h e  spectrum t h a t  w e  would see i f  t h e  object w e  w e r e  

l ook ing  a t  had t h e  tempera tures  i n d i c a t e d .  
NEAL R.  GROSS 
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through t h e  magnetic f i e l d  around J u p i t e r .  

If I may have t h e  next slide. We w e r e  f o r t u n a t e ,  i n  

the o b s e r v a t i o n s  of 10, t o  see s e v e r a l  anomalously w a r m  Places-  

lou can see t w o  of them on t h i s  f i g u r e ,  one cor responds  t o  
I 

region, and t h e  o t h e r  area corresponds  to  the d a r k ,  a n n u l a r  

mea j u s t  above c e n t e r  on the l e f t .  

Schemat i ca l ly ,  our o b s e r v a t i o n  of t h a t  f e a t u r e  is 

represented,  as  shown h e r e .  It c o n t a i n s  some dark areas which 

ire b e l i e v e d  t o  be warmer than t h e  su r round ing  area. This  

.ncludes t h a t  a n n u l a r ,  doughnut-shaped reg ion  and t h a t  elongatc 
NEAL R. GROSS 
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dark  r eg ion  above it. 

I t  i s  known from o t h e r  images t h a t  a plume of gas 

and d u s t  is  evolv ing  from one end of t h e  l i n e a r  f e a t u r e .  

Now, if w e  cons ider  t h e  fac t  t h a t  t h e  da rk  areas 

are a d i f f e r e n t  temperature  from t h e  l i g h t  background, t h e n  

w e  can make a f i t  t o  t h e  da ta  j u s t  by assuming t h a t  t he  dark 

areas are a t  one temperature and t h e  l i g h t  areas at a n o t h e r  

temperature  and, i f  w e  do t h a t ,  w e  get a set of c u r v e s  t h a t  

looks l i k e  t h i s .  

The d a r k  curve  r e p r e s e n t s  the i n t e n s i t y  as a f u n c t i o n  

of wave number tha t  w e  meaSure, t h e  heavy dark curve ,  and t h e  

two dotted and dashed curves r e p r e s e n t  components f r o m  two 

d i f f e r e n t  tempera tures .  

W e  assume that  i f  9 p e r c e n t  of t h e  f i e l d  is a t  280 

k e l v i n ,  t hen  t h e  c o n t r i b u t i o n  t o  the  data f r o m  a n  object l i k e  

t h a t  would g i v e  you t h e  s h o r t ,  dashed cu rve .  That leaves t h e  

remaining 9 1  p e r c e n t  a t  some other tempera ture .  

I f  we t a k e  125 ke lv in  for t h a t  t empera ture ,  t h e n  

ve ge t  t h e  longer ,dashed curve and, if w e  add them together, 

Ire g e t  t h e  t h i n ,  solid curve, which f i ts  t h e  data r easonab ly  

tell. Consider ing t h e  f a c t  t h a t  t h e  model i s  so s imple ,  it 

rea l ly  does very w e l l .  

W e  vary  t h e  parameters  a l i t t l e  b i t ,  t r y  t o  take  

L i f f e r e n t  tempera tures  and so on,  and w e  f i n d  t h a t ,  on t he  

rhole, t h e  dark a r e a s ,  o r  l a r g e  f r a c t i o n s  of them, must be 
NEAL R. GROSS 
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should be between 125 and 1 3 0  k e l v i n ,  and t h a t  i s n ’ t  too far I 

9 

somewhere between 2 8 0  kelv in  and 300 k e l v i n ,  and t h e  background, 

:I 

1 

5 

make a three-parameter  f i t ;  one  is t h e  f r a c t i o n  of t h e  area I 

r; // 

from what one would expect  f o r  t h e  background temperature  if 

i t  were just heated by the  sun.  

The 9 p e r c e n t ,  a c t u a l l y ,  is der ived  from t h e  f i t .  We 

7 

X 

!J 

So, a g a i n ,  i t ’s  conf i rmatory ,  s i n c e  it is an inde-  

of t h e  h o t  temperature, and t h e  o t h e r  is  t h e  remainder.  

the  9 p e r c e n t  cor responds  q u i t e  w e l l ,  a c t u a l l y ,  t o  t h e  dark  

regions i n  t h e  f i e l d  of view. 

And 

1 1  

I ?  

something closer t o  6. B u t ,  aga in ,  it i s  s t i l l  c o n s i s t e n t  
I:: jl 

pendent e v a l u a t i o n  parameter.  

peratures,  why, t hen ,  t h a t  9 p e r c e n t  f i g u r e  d rops  down to  

I f  w e  use  s l i g h t l y  h i g h e r  t e m -  

1.1 

15 

1 
w i t h  t h e  q u a l i t y  of t h e  f i t  t o  those a r e a s  be ing  roughly a t  

1 I those tempera tures .  

If w e  t r y  to fo rce  t h e  h o t  area t o  be t h e  tempera ture  

17 of molten s u l f u r ,  s i n c e  people  are i n t e r e s t e d  i n  whether - 

IH molten s u l f u r  might e x i s t ,  t h e  f i t  gets very  poor.  W e  cannot  

QUESTION: What i s  t h a t  tempera ture?  

MR. PEARL: About 385 k e l v i n .  

I !I 

20 

Now, g e t t i n g  t o  t h e  plume, t h e  material i n  t h e  plume 

lwill p a r t i a l l y  obscure t h e  surface. If t h e r e  i s  any atmosphere “1 
, I  

S B r  j/ 

I 
I have more than  about  1 percen t  of o u r  f i e l d  f i l l e d  by molten 

s u l  f u r  . 

on Io, this would do the  same t h i n g .  
NEAL R. GROSS 
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The c h a r a c t e r i s t i c  o f  t h e  material, or materials, 

which might be p r e s e n t  i n  t h e  atmosphere,  o r  t h e  plume, w i l l ,  

i n  fact ,  make t h e  obscura t ion  d i f f e r e n t  a t  d i f f e r e n t  wavelengtl. 

or wave numbers. 

And i f  w e  l o o k  a t  o u r  spectrum, w e  f i n d  a n  area 

which has  a very n o t i c e a b l e  a b s o r e t i o n  f e a t u r e  shown on t h e  

t o p  p a r t  of t h i S  f i g u r e ,  where we have p l o t t e d  t h e  i n t e n s i t y ,  

a g a i n ,  as a f u n c t i o n  of wave numbexrand t h e  deep f e a t u r e  t h e r e  

we have i d e n t i f i e d  as being due  t o  t h e  s u l f u r  d i o x i d e  gas .  

Th i s  would be evolv ing  from t h e  volcano. I t  is 

p r e s e n t  i n  t h e  v o l c a n i c  gases on t h e  e a r t h ,  and it is n o t  a t  

all unexpected on a p l a n e t  l i k e  Io  which has  as much s u l f u r  

i n  it as is b e l i e v e d  t o  be the case. 

Below it, w e  have c a l c u l a t e d  s u l f u r  d i o x i d e  gas  

t r a n s m i s s i o n  spectrum and, benea th  t h a t ,  an  SO2 ice t r a n s -  

m i s s i o n  spectrum. It is clear from t h i s  t h a t  t h e  f e a t u r e  we 

see1S coming from g a s  r a t h e r  t h a n  from t h e  so l id  -- t h a t  is, 

w e  are n o t  s e e i n g  snowflakes or c r y s t a l l i n e  material which is 

thrown up, b u t  w e  are see ing  t h e  gas which is  evo lv ing  from I 

t h e  volcano,  or  e v a p o r a t i n g  from t h e  s u r f a c e .  

The amount of SO2 is  ve ry  low. I t ' s  less than a 

m i l l i o n t h  of t h e  e a r t h ' s  atmosphere. W e  have looked for o t h e r  

m a t e r i a l s  which are found i n  terrestrial  volcanos, p a r t i c u l a r 1 1  

wa te r ,  vapor and carbon dioxide, which are very common compon- 
* I  

I' 
, e n t s  and, if they  are p r e s e n t ,  t h e y  are p r e s e n t  i n  very ,  very 2 .-I 

NEAL R .  GROSS l j 
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low q u a n t i t i e s .  

And this would imply a l a c k  of hydrogen and carbon 

in 10, which would be considered c o n s i s t e n t  w i th  t h e  hypo thes i s  

that Io has been v o l c a n i c a l l y  very  act ive throughout  its 

history .  

Thank you. 

M R .  MC ROBERTS: Our n e x t  speaker w i l l  be D r .  Laurenc 

Soderblom, Imaging Team Deputy Team Leader, U. S. Geological 

jurvey . 
STATEMENT OF DR. LAURENCE SODERBLOM 

IMAGING TEAM DEPUTY TEAM LEADER 
U.S. GEOLOGICAL SURVEY 

I 

DR.  SODERBLOM: Could I have t h e  n e x t  s l ide,  p l ease?  

I w i l l  summarize t h e  r e s u l t s  t h a t  w e  have g o t t e n  

50 t h e  l a s t  month of a n a l y s i s  or so, t o  summarize for you w i t h  

respect t o  t h e  large Ga l i l ean  satel l i tes  -- Europa, Ganymede 

nnd C a l l i s t o .  

Ganymede and Ca l l i s to ,  t h e  o u t e r  t w o  G a l i l e a n  satel- 

Lites, are b o t h  abou t  the s i z e  of t h e  p l a n e t  Mercury. 

rev ised  d e n s i t i e s  now are, Ganymede, 1 .93 and Cal l i s to ,  1 . 7 9 .  

' a l l is to  has  been brought  up i n  d e n s i t y ,  as i t s  diameter was 

r e f ined  in Voyager images. 

T h e i r  

So, t h e  t w o  have d e n s i t i e s  very  close to 2, and 

:his conf i rms  t h a t  a substantial f r a c t i o n  of their i n t e r i o r  

is water .  

2.-) )I Europa 's  d e n s i t y  is close t o  3.0. I t  had been 
/ I  

NEAL R. GROSS 
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2 f r a c t i o n  of t h e  upper c r u s t  of Europa is probably or  water-ice 
*i 
as was thought  from e a r t h  base. 

Going on t o  t h e  next ,  Amalthea, t h e  innermost  of 

t h e  G a l i l e a n  satel l i tes ,  is shown here i n  t h r e e  views. The 

b r i g h t  s p o t  Jona than  Eberhardt  asked m e  t o  mention is  n o t  a 

searchl ight  on Amalthea, it is an exagge ra t ion  due t o  t h e  

process ing .  

The body a c t u a l l y  h a s  an albedo between 4 and 6 

I t  is  very  red. pe rcen t .  

:lose t o  1 5  p e r c e n t ,  so i t ’ s  a f a i r l y  dark  material, and t h e  

Dright spots are a c t u a l l y  gray spots. 

2olorless relative to  t h e  rest of the  body. 

Iody 1s very  uniform i n  c o l o r .  

The br ight  s p o t  has a n  albedo 

They are e s s e n t i a l l y  

The rest of t h e  

The s i z e  of Amalthea is roughly  250 by 1 2 5  or SO 

I t  is  e longated  w i t h  long  axis  po in ted  toward :iloxireters. 

l u p i t e r ,  as it rotates synchronously abou t  t h e  primary. 

You can  see, po r t r ayed  h e r e  are t h e  t h r e e  views. 

:ach of the  views cor responds  to  one of t h e  l i t t l e  cartoons. 

ou can  see t h a t  t h e  lower l e f t  shows t h e  l e a d i n g  hemisphere 

f Amalthea, and the  upper  r i g h t ,  t h e  t r a i l i n g .  

i g h t  i s  an  edge-on view. 

The lower 

You can  see, I think, t h e s e  t w o  spots o v e r  here cor- 

espond t o  these two p o i n t s  h e r e .  T h i s  is a summary of Some 

f t h e  v o l c a n i c  observations. Shown here are sets f o r  t w o  Of 
NEAL R. GROSS 
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t h e  c e n t e r s ,  t w o  t ypes .  The upper one e r u p t s  from a very 

symmetrical  vent  area shown i n  "a" t h e r e .  "b" shows t h e  view 

f r o m  about  a 4 5  degree  viewing a n g l e ,  and shows t h e  material 

e r u p t i n g  from t h a t  plume is dark  m a t e r i a l .  I n  o t h e r  words, 

t h e  a lbedo  of t h e  m a t e r i a l  as it is coming out is da rk .  

We s u s p e c t  now that t h e  d i f f e r e n c e  between wa" and 

"b" is n o t  p u r e l y  a n  optical e f f e c t ,  t h a t  it r e p r e s e n t s  some 

t i m e  v a r i a b i l i t y  i n  t h e  e r u p t i o n  ove r  a p e r i o d  of  hours  t o  

days . 
The lower one is  one John Pearl j u s t  t a l k e d  about .  

You can  see t h a t  it ha5 a very d i f f u s e d ,  i r r e g u l a r  c h a r a c t e r .  

The n a t u r e  of t h e  plume probably is  c o n t r o l l e d  by c o n s t r i c t i o n  

of t h e  na tu re  of the vent or  t h r o a t  i n  t h e  v e n t  area. 

The volcanos  are d i s t r i b u t e d  wide ly  through t h e  

e q u a t o r i a l  b e l t ,  and they  are associated, t h e  syrrunetrical ones,  

with t h e s e  r i n g s  you see he re ,  and t h e r e  are t w o  of them. The 

r e g u l a r  ones -- t h i s  is t h e  f i r s t  one d i scove red ,  t h e  b i g  

heart-shaped plume. The r e g u l a r  ones  -- h e r e ,  a g a i n ,  i s  the 

me t h a t  John P e a r l  t a l k e d  a b c u t  h e r e .  Here's a n o t h e r  one 

up h e r e ,  abou t  20 north and a b o u t  30 n o r t h .  

A l l  o f  t h e  plumes seem, so f a r ,  up h e r e  t o  be w i t h i n  

about 30 d e g r e e s  of t h e  equa to r ,  which i s  p e c u l i a r ,  s i n c e  t h e  

t i d a l  h e a t i n g  model of Peale a l l  suqqests t h a t  m o s t  of the e n e i  

is d e p o s i t e d  i n  f o u r  r eg ions ,  acco rd ing  t o  t h e  v e r b a l  r e p o r t  

f r o m  them. 
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So, something may be going on i n  the polar r e g i o n s ,  
I 

which is d i f f e r e n t  f r o m  t h e  e q u a t o r i a l  r e g i o n s ,  and that  may 

be d i f f e r e n t  rates of r e s u r f a c i n g  or  deposit of material. 

The a n a l y s i s  of the absence of craters, i f  t h a t  is 

allowable, s u g g e s t s  t h a t  i f  t h e  Jov ian  system is g e t t i n g  im- 

p a c t  rates a t  t h e  rates which w e  project, knowing what t h e  

impact rates are on t h e  moon, t h e  rates could  be h i g h e r ,  b u t  ' 

not s u b s t a n t i a l l y  lower than the model p r e d i c t i o n s ,  s u g g e s t s  

t h a t  one crater about  a k i lome te r  i n  diameter would be formed 

e v e r y  50 ,000  y e a r s  or so, on a body t h i s  s i z e .  

None has  been seen. That  suggests t h a t  a rate of 

b u r i a l  of a t  least  a m i l l i m e t e r  a y e a r ,  p l ane twide ,  is requi rec  

t o  erase t h e s e .  That is ,  i n  f ac t ,  c o n s i s t e n t  w i t h  estimates 

t h e  Imaging Team has made in t e r m s  of t h e  amount of  material 

t h a t  is coming o u t  of t h e  vents .  

So, ave rag ing  15-some v e n t s  over t h e  s u r f a c e ,  t h a t  

is c o n s i s t e n t  with t h e  absence o f  t h e  craters. 

The f e a t u r e s  t h a t  I want t o  refer to now are f a i n t l y  

visible down h e r e .  You can  see them as l i t t l e  wisps  of b l u i s h  

material. If w e  cou,ld g e t  t h e  l i g h t  up s o m e t i m e ,  perhaps  i n  

a n o t h e r  s e s s i o n ,  you would be able t o  see them a l i t t l e  b e t t e r  

They are a c t u a l l y  scattered throughout  t h e  s o u t h  

polar r e g i o n .  T h i s  is an enlargement  of t h a t  s e c t i o n .  There 

are t h r e e  of them here, a c o l l e c t i o n  of them he re .  Wherever 

you see t h i s  b l u i s h  appearance,  t h e  image looks as i f  it is 
t 
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o u t  o f  focus ,  a8 if it i s  d i f f u s e d .  

down he re ,  you w i l l  see t h i s ,  a g a i n ,  b l u i s h  cast  down h e r e  as  

w e l l ,  and it has  t h e  c h a r a c t e r  of a very  fuzzy appearance.  

Throughout this reg ion  

QUESTION: How long d i d  you expose it? 

DR. SODERBLOM: This  exposure? I would g u e s s  about  j 

H 

!) 

100 mi l l i s econds .  I t ' s  a c t u a l l y  made up of t h r e e  d i f f e r e n t  

q u e s t i o n ,  i r J  it smeared, t h e  answer is "no". If you look  a t  I 
I 
I edges of o t h e r  f e a t u r e s  i n  t h e  image, i n  p a r t i c u l a r ,  t h i n g s  I 

colors, so t h e r e  is  a combination of exposures .  But to the I 

I 
I 

1 
I ! )  

"' 

s i x  hours  a p a r t ,  The one on t h e  left  is n o t  o u t  of focus ,  It  1 
is  a s e c t i o n  of t h a t  global view I j u s t  showed you. I t  shows 

a r i n g  of t h r e e  colored a r e a s  h e r e ,  h e r e  and h e r e ,  which have 
~ 

IO 

1 1  

I:! 

I : {  

I 4 

I 5  

I i; 
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such as t h i s ,  t h e y  are w e l l  d e f i n e d  and so f o r t h .  

So, it is  a fuzzy c h a r a c t e r ,  and w e  suspec ted  t h a t  

these t h i n g s  might have been a i r b o r n e .  Now, t h i s  is  a h igh  

r e s o l u t i o n  image n e a r  t h e  t e r m i n a t o r ,  and t h i s  is  what t hey  

appea r  t o  be n e a r  t h e  t e rmina to r .  They are b l u i s h .  They t end  

to form a long  f a u l t s  or  f r a c t u r e s  i n  t h e  c r u s t ,  and appear t o  

b e  something i s s u i n g  f r o m  t h e  c r u s t .  

T h i s  i s  a comparison of t w o  images a c q u i r e d  about  

dark material ,  da rk  pools i n  t h e  f l o o r  o f  s t i l l  q u e s t i o n a b l e  

'' ijmaterial, b u t  t h e  one on the r i g h t  was t a k e n  j u s t  p r i o r  t o  
I' 

-'' ' 1  n e a r  encounter .  

" 1  / /  

) ' I  

1 1  
The b l u i s h  glow along t h e  edge of t h e  top v e n t  has  

developed i n  a period of about s i x  hours .  I t  i s  similar, i n  
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appearance and i n  s p e c t r a l  c h a r a c t e r ,  t o  t h e  b l u i s h  areas I 

was showing you j u s t  on t h e  p rev ious  s l i d e .  

And t h e  sugges t ion  h e r e  is  t h a t  t h e s e  are, i n  f a c t ,  

e r u p t i o n s  of probably g a s  and, w i t h  t h e  IRIS i n d i c a t i o n  of S02, 

SO2 is a good p o s s i b i l i t y .  SO2 would, i n  i s s u i n g  i n  a dense 

c loud  f r o m  t h e s e  f r a c t u r e s  and so fo r th ,  begin  t o  condense 

and snow-out o f  t h e  atmosphere very  r a p i d l y .  And s i n c e  its 

p a r t i a l  p r e s s u r e  a t  t h a t  t empera ture  is  very  l o w ,  t hen  t h i s  

f r e e z i n g  g a s  would form very f i n e  p a r t i c l e s  which scattars 

l i g h t  very  much l i k e  gas. I n  o t h e r  words, it would scatter 

p r e f e r e n t i a l l y  i n  t h e  blue.  

These areas of bludsh glow are b r i g h t e r  t h a n  t h e  

s u r f a c e  at a l l  t h e s e  p l a c e s  as w e l l ,  and so t h e  component, 

which would be coarses snow p a r t i c l e s ,  cou ld  be e x p l a i n i n g  t h e  

b r i g h t n e s s  a t  a l l  wavelengths. 

QUESTION: Is t h a t  real color c o n t r a s t  t o  t h e  eye? 

DR. SODERBLOM: You cou ld  see it, d e f i n i t e l y .  

Whether o r  n o t  t h e  c o l o r s  would be i d e n t i c a l l y  t h i s ,  o r  t h e  

t u r q u o i s e  would be a l i t t l e  g r e e n e r  or  a l i t t l e  b l u e r  -- 
QUESTION: T h i s  extreme is r e a l l y  what I’m ask ing .  

DR. SODERBLOM: I t  would be t h i s  extreme. As a 

m a t t e r  of f a c t ,  we looked a t  t h i s ,  and t h e  v i o l e t  b r ighimess  

i n  t h a t  area is 1 5  times higher  i n  t h e  l a t e r  image than  i n  t he  

e a r l i e r  image. So, it is that extreme. It is  b r i g h t e r  t h a n  

the s u r f a c e ,  and also w e  confirmed t h a t  it did b r i g h t e n  up i n  
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as  much, b u t  t h a t  

a c t u a l l y  happened a t  t w o  wavelengths,  so it was n o t  an a r t i f a c t  

of one  p a r t  of t h e  image going  t o  s a t u r a t i o n  o r  some strange 

e f f e c t  l i k e  t h a t .  

Okay. T h a t ' s  a l l  I have. Thank you. 

MR. MC ROBERTS: The nex t  speaker  w i l l  be Dr. 

Frede r i ck  L. S c a r f ,  Plasma Wave Science ,  TRW Systems. 

STATEMENT OF DR. FREDERICK L. SCARF 
PLASMA WAVE SCIENCE 

TRW SYSTEMS 

DR. SCARF: I would like t o  talk about lightning 

3 t  J u p i t e r  t o d a y .  I would l i k e  to start o u t  wi th  t h e  f i r s t  

3 l i d e  t h a t  is  a c t u a l l y  from t h e  Imaging Team. 

When we were l eav ing  J P L ,  w e  had a release of a 

3 i c t u r e  t aken  when t h e  s p a c e c r a f t  was looking a t  t h e  dark  

> l a n e t .  There w e r e  glows t h a t  were i d e n t i f i e d  as lightning 

>y members of the Imaging Team, and t h e r e  were o t h e r  d i s p l a y s  

;ha t  appeared to  be connected w i t h  t h e  aurora. 

This  i s  ano the r  vers ion of that p i c t u r e  i n  which t h e  

i u r o r a l  p a r t  d o e s n ' t  appear ,  b u t  you can see the correct p lace -  

nent of t h e  frame on t h e  p l a n e t ,  on t h e  d a r k  side oE t h e  p lane t  

md you can see t h e  b r i g h t  g l o w s  t h a t  have been i d e n t i f i e d  as 

. i g n t n i n g .  

Now, a wave experiment i n  o rb i t  around a p l a n e t  like 

lupiter has ,  n a t u r a l l y ,  a p o s s i b i l i t y  of d e t e c t i n g  r a d i o  

s igna l s  f r o m  lightning , and I would like to go on to  t h e  nex t  
NEAL R. GROSS 
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i d e  and d e s c r i b e  t h e  way w e  t r i e d  t o  search f o r  t h i s .  

Here w e  have J u p i t e r ,  obv ious ly ,  w i th  t h e  red s p o t ,  

and t h e  Io torus. This  is where w e  w e r e  when we were doing 

t h e s e  t h i n g s .  There is a l i g h t n i n g  bolt i n  t he  atmosphere 

t h a t  is ,  i n  fact ,  a very long an tenna  for t r a n s m i s s i o n  or  

e x c i t a t i o n  of r a d i o  waves. 

A l i g h t n i n g  b o l t  h a s  an e x t e n t  of several k i lome te r :  

and i t  makes,very c f f i c i e n t l y , l o w  frequency r a d i o  waves t h a t  

t r a v e l  off and are d e t e c t a b l e  o u t  i n  space ,  o r  o u t  i n  t h e  

magnetized plasma. 

We have tried to i n d i c a t e  h e r e  a very  s i g n i f i c a n t  

a s p e c t  of this detect ion,  and t h a t  is  t h e  medium, t h e  plasma 

above t h e  atmosphere,  a c t u a l l y  has t h e  c h a r a c t e r i s t i c  so that 

the  high f requency waves go m o r e  e a s i l y .  They go f a s t e r  o u t  

t o  t h e  spacecraft t h a n  the low f requency waves, c o m e  more 

s10wl.y and a r r i v e  less. 

So, i f  w e  are r e a l l y  look ing ,  s e a r c h i n g ,  f o r  

w h i s t l e r s ,  w e  should  l i s t e n  f o r  a s i g n a l  t h a t  h a s  h igh  f r e -  

quency components a r r i v i n g ,  and t h e n ,  f i n a l l y ,  t h e  low fre- 

quency ones  a r r i v e .  And t h e  name " w h i s t l e r "  t hen  comes from 

t h i s  shape. 

Now, soon a f t e r  the p r e s s  a c t i v i t i e s  on Voyager 1 

w e r e  o v e r ,  w e  s tarted t o  get h i g h  rate d a t a  -- we need o u r  

waveform o r  aud io  d a t a  to sea rch  f o r  t h i s  -- and we found a 

number of these. And my co l l eague ,  Don G u r n e t t ,  had a press 
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1 !I r e l e a s e  j u s t  d e s c r i b i n g  t h e  d e t e c t i o n  of t h e s e  w h i s t l e r s .  But 
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t h e r e  is so much o t h e r  noise o u t  t h e r e  i n  t h e  magnetosphere 

t h a t  w e  had no c a p a b i l i t y  of p l a y i n g  these f o r  you a t  t h a t  

t i m e  and, s i n c e  t h e n ,  we’ve had a l i t t l e  m o r e  data coming i n ,  

h igh  rate d a t a ,  and I thought I would t a l k  about  a b e t t e r  

example, and  l e t  you h e a r  it, too, today.  

The nex t  s l i d e  shows the kind  of voice p r i n t  t h a t  

t o  d i s p l a y  what is coming i n  on t h e  h igh  rate data. we use  

The frequency goes up and t h e  t i m e  goes  a long ,  and each  segment 

t h a t  we g e t  is 4 8  seconds long. 

And t h e s e  are two lightning w h i s t l e r s  d e t e c t e d  when 

w e  w e r e  i n  t h e  10 t o r u s  a t  about  6 J u p i t e r  r a d i i .  They came in 

f a i r l y  l a t e  t o  o u r  l a b o r a t o r y ,  so w e  w e r e n ’ t  able t o  t a l k  aboul 

t h e s e  earlier.  

The sounds t h a t  are a s s o c i a t e d  w i t h  t h i s  are s i g n a l s  

; h a t  fall w i t h  frequency.  

“tor of lightning gene ra t ion .  Now, you see i n  t h e  bottom . 

>f t h i s  f requency t i m e  diagram, t h e r e  is a l o t  of b l ackness .  

I t  is a ve ry  c h a r a c t e r i s t i c  i n d i -  

Th i s  i s  a h i s s  t h a t  i s  p r e s e n t  i n  t h e  magnetosphere 
/ I  

of J u p i t e r ,  and I w i l l  come back t o  e x p l a i n  t h e  s i g n i f i c a n c e  

of t h i s  i n  j u s t  a moment, but  l e t  m e  p l a y  a l i t t l e  b i t  of 
I 3’ I 

21 I( 
I1 il 
I‘ -- ; ‘ t h i s  aud io tape  s t a r t i n g  a few seconds b e f o r e  t h e  f i r s t  w h i s t l e r  

‘’ ; ! Y O U  will hear t h e  h i s a ,  then t h e  f irst  w h i s t l o r ;  the second 
I 

‘ o n e  t h a t  comes abou t  8 seconds l a t e r  is  a l i t t l e  harder t o  hear .!1 

I 
?.-) ‘ i  and t h e n  I have recorded  on  t h i s  a r e p e a t  o f  t h e  whole t h i n g .  
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If - h i s  d o e s n ' t  work too w e l l ,  I have a l oude r  ver- 

s i o n  i n  my pocket .  S O ,  l e t ' s  s t a r t  w i t h  t h i s .  

(Whereupon, an audio tape  was played . )  

W e l l ,  SO much f o r  t h e  sound. I hope t h a t  was 

adequate. 

We d e t e c t e d ,  i n  t h e  e a r l y  p a r t  of o u r  d i s c u s s i o n s ,  

abou t  40 of t h e s e .  And Don Gurne t t  d i s c u s s e d  that i n  t h e  

p r e s s  release, and he w i l l  be t a l k i n g  about  t h e  a n a l y s i s  

tomorrow, connected w i t h  t h i s .  And I t h i n k  now w e  have many 

more, almost t w i c e  as  many a t  t h i s  p o i n t ,  ais t h e  h igh  rate 

data  keep coming i n .  

The lightning and t h e  w h i s t l e r s  are very  important 

f o r  a number of reasons. F i r s t  of a l l ,  t h e  q u e s t i o n  of lightn 

i n g  on J u p i t e r ,  i n  t h e  atmosphere, i s  s i g n i f i c a n t ;  s i g n i f i c a n t  

i n  terms of t h e  chemis t ry  t h a t  can  go on t h e r e .  

There are many r e a c t i o n s  t h a t  are modif ied s t r o n g l y  

by the presence  of lightning and t h e r e  w a s  an  extensive 

l i t e r a t u r e  before w e  got there,  s p e c u l a t i n g  on t h e  importance 

3f lightning on J u p i t e r ,  based on t h e  f a c t  t h a t  c e r t a i n  ele- 

nen t s  -- I'm sorry -- c e r t a i n  compounds w e r e  detected i n  

nbundances t h a t  d idn  ' t appear t o  be n a t u r a l  . 

C .  

The o t h e r  important  a s p e c t  of d e t e c t i n g  lightning 

s u c h  as  t h i s ,  is t h a t  t h e  lightning t r a v e l s  along the magneti  

f i e l d  lines t h a t  are n o t  accessible for Voyager. 

s t a y e d  n e a r  the e q u a t o r .  

Voyager 

T h e s e  s i g n a l s  come a t  h igh  l a t i t u d e s  
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I n a l y z i n g  t h e  p r o p e r t i e s  of t h e s e  a long  t h e  f i e l d  lines and, by 

I/ s i g n a l s ,  w e  can  a c t u a l l y  deduce t h e  d e n s i t y  of t h e  plasma up 
I1 

ii 

:: :;at high latitudes, all t h e  way down t o  t h e  atmosphere. And 

4 i t h i s  i s  n o t  an i n s i g n i f i c a n t  t h i n g  because,  from where w e  were 
I 

- ' i n  t h o  IO t o rus  down t o  t h e  atmosphere,  t h e  d i s t a n c e  a long  tha l  

f i e l d  l i n e  is a solar r ad ius .  

s i g n a l  that you have j u s t  heara.  

I t 's  a long  way t o  go for  t h e  

The f i n a l  reason  that I want to  talk about  concernin5 

the importance of w h i s t l e r s  is i n d i c a t e d  on t h e  n e x t  s l i d e .  

Can I have t h e  l as t  s l i d e ?  

These radio s i g n a l s  have f r e q u e n c i e s  t h a t  happen 

to match up w i t h  f r equenc ie s  of e l e c t r o n s  s p i r a l i n g  around 

the field lines, t r apped  e l e c t r o n s  i n  t h e  h igh  energy radia- 

t i o n  belts of J u p i t e r .  

And when people  f irst  s t a r t e d  to worry about  w h i s t l e 1  

ioige, such as this, i n  the ear th 's  magnetosphere,  t hen  it 

gas recognized  t h a t  t h e s e  s i g n a l s  cou ld  do very  severe t h i n g s  

:o t h e  t r apped  e l e c t r o n s .  

What we have t r i e d  to  s u g g e s t  h e r e  is t h a t ,  i n  a 

s i t u a t i o n  i n  which t h e r e  is no such  n o i s e ,  plasma wave, the 

5lectron would j u s t  make i t s  sp i ra l  and go back and f o r t h .  

3ut i f  it i n t e r a c t s  w i t h  a wave of t h i s  t y p e ,  such as t h e  s i t u a  

: ion i n  the  blue plasma torus region, it can get a k i c k ,  as if 

lomeone w a s  swinging and you h i t  them w i t h  t h e  r i g h t  f requency.  

{OU can g e t  a k i c k  and go i n  a n o t h e r  d i r e c t i o n  and,  i n  f a c t ,  
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no longer  s p i r a l  a long  t h e  f i e l d  lines, and go down i n t o  t h e  

atmosphere i n  which it produces auroral type  d i s p l a y s ,  e x t r a  

i o n i z a t i o n  and even hea t ing .  

Now, i n  t h e  e a r t h ,  w h i s t l e r s  such as  t h i s  are de- 

tected, b u t  t h e r e  are n o t  enough of  them t o  do very  much t o  

t h e  t rapped  Van Allen belts. A t  Jupiter, we have detected a 

number, and we can  make t h e  same statement.  There are n o t  

enough w h i s t l e r s  t o  do much he re .  

But  t h a t  o t h e r  no i se  t h a t  you heard on t h e  t a p e ,  

t h e  hiss, is, i n  f a c t ,  the same k ind  of r a d i a t i o n  -- it i s  

spontaneous ly  gene ra t ed  inside t h e  magnetosphere -- and it 
does do a lot of t h i s  ejection of electrons down t o  t h e  a t m o -  

sphe re .  

upper atmosphere,from t h i s  mechanism, is an order of magnitude 

more t han  s u n l i g h t .  

I n  fact ,  t h e  amount of energy t h a t  comes i n t o  t h e  

T h a t ' s  all I have. 

MR. MC ROBERTS: Our n e x t  speake r  w i l l  be D r .  Norman 

Ness, Magnetic F i e l d s ,  from Goddard. 

STATEMENT O F  DR. NORMAN NESS 
MAGNETIC FIELDS 

GODDARD SPACE FLIGHT CENTER 

DR. NESS: I d o n ' t  know i f  you can r e a d  t h i s  f i r s t  

Vu-graph, b u t  it r e p r e s e n t s  t h e  p l a y e r s  on t h e  Magnetometer 

ream. It's been a team effort, as are all of t h e  i n d i v i d u a l  

1 exper iments  on  t h e  s p a c e c r a f t .  
I ;  
1: 

There are c o p i e s  of t h e  handout ,  which have this as  

NEAL R. GROSS 
COURT REPORTERS A N D  TRANSCRIBERS 
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t h e  t o p  page, which inc lude  a l l  of the f i g u r e s  whrich I w i l l  

be us ing .  

i n  t h e  back. 

There are also copies  of o u r  s c i e n c e  paper available 

I ' m  going t o  start off  by p u t t i n g  up my summary f i rs t ,  

T h e  reason I want t o  do t h a t  is, there are t i m e s  when people 

have some d i f f i c u l t y  a p p r e c i a t i n g  t h e  s i g n i f i c a n c e  of t h e  re- 

s u l t s  i n  t h e  more exot ic  realm of the  plasma environment o€  

J u p i t e r  . 
Two p r i n c i p a l  new r e s u l t s  I want t o  report on have 

dependence. 

I 

What w e  f i n d ,  i n  f a c t ,  i n  t h e  Voyager 1 o b s e r v a t i o n s ,  

is t h a t  t h e  o u t e r  magnetosphere of J u p i t e r  i s  n o t  r e p r e s e n t e d  

a t  all w e l l  by e i t h e r  of t h e s e  models. And, i n  fac t ,  i t  

appears  t h a t  J u p i t e r  posses ses  a very  large magnet ic  tail much 

l i k e  e a r t h ,  a l though  t h e  i n n e r  pa r t  of  t h e  magnetosphere i s  

s i g n i f i c a n t l y  d i f f e r e n t .  
NEAL R. GROSS 
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This  is  an enormous magnet ic  t a i l ,  3- or 400 Jov ian  

rad i i  i n  d iameter .  The impl i ca t ion  of t h e  magnetic t a i l  i s  

impor tan t  f o r  a u r o r a l  phenomenon and r a d i o  emiss ions  from the  

p l a n e t ,  because t h e  ex i s tonce  of t h e  l a r g e  magnetic t a i l  im- 

p l i e s  a very eccentric polar  cap a u r o r a l  r e g i o n  and, by 

" e c c e n t r i c " ,  I mean t h a t  i t  i s  n o t  c o a x i a l  e i t h e r  w i t h  t h e  

r o t a t i o n a l  axis o f  t h e  p l a n e t  o r  t h e  magnet ic  a x i s  of t h e  

p l a n e t ,  q u i t e  u n l i k e  i n  t h e  case of t h e  e a r t h ,  i n  which t h e  

a u r o r a l  zone is roughly ,  but  because  of t h e  solar d i s t o r t i o n ,  

n o t  q u i t e  symmetrical  about  t h e  magnetic axis o f  t h e  e a r t h .  

T h a t  i s  I t e m  1, t h e  o u t e r  magnetosphere c o n f i g u r a t i o n ,  t h e  

e x i s t e n c e  of t h e  magnetic t a i l  of t h e  p l a n e t .  

The second i t e m  has t o  do w i t h  I t e m  6,  o u r  i n t e r -  

p r e t a t i o n  of t h e  p e r t u r b a t i o n s  of t h e  magnet ic  f i e l d  i n  t h e  

v i c i n i t y  of IO, a s s o c i a t e d  wi th  t h e  10 f l u x  tube. This  i s  

aot an e x o t i c  p rocess .  This is  w e l l  known t o  us .  I would use  

:he  analogy t h a t  t h i s  is a g r e a t  b i g  power s t a t i o n  i n  t h e  

sky,  much l i k e  a h y d r o e l e c t r i c  power s t a t i o n ,  b u t  i n s t e a d  of 

hot wa te r  p rov id ing  t h e  power and t h e  g e n e r a t o r s ,  what w e  have 

is Io  as t h e  conductor ,  and t h e  power comes from the magnet ic  

Eie ld  of t h e  p l a n e t  J u p i t e r ,  which is swept p a s t  10 a t  a very  

r ap id  rate. 

I t  generates a very l a r g e  c u r r e n t .  I n  f a c t ,  t h e  

c u r r e n t  may be s u f f i c i e n t l y  l a r g e  t h a t  o r d i n a r y  resistive 

losses, J o u l e  h e a t i n g ,  may be a n  impor t an t  f a c t o r  i n  t h e  therm 
NEAL R.  GROSS 
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e v o l u t i o n  and he p r e  

That  is my summary. 

25 

t s t a t u s  of I o  and i ts  atmosphere. 

I would l i k e  to l ead  you b r i e f l y ,  q u i c k l y ,  through 

t h e  v a r i o u s  f i g u r e s  which d i s c u s s  t h i s ;  t h e n  p u t  t h e  summary 

slide back up and once, aga in ,  h i t  you w i t h  t h o s e  t w o  malo,- 

p o i n t s ,  t h e  magnetic t a i l  and t h e  power s t a t i o n .  

I thought  it would be appropriate t o  show a n i c e l y  

done concept ion  of the e a r t h ’ s  magnetosphere,  t o  g i v e  you some 

i d e a  of t h e  c o n t r a s t i n g  i d e a s  t h a t  e x i s t e d  p r i o r  t o  Voyager 1 

d i  t h  r e s p e c t  t o  the Jov ian  rt~agnctosphere. 
I 

I n  this diagram, t h e  ye l low i n d i c a t e s  t h e  flow of 

s o l a r  wind from t h e  sun; the blue r e g i o n ,  l ook ing  l i k e  a comet 

: a i l  t r a i l i n g  behind t h e  e a r t h ,  r e p r e s e n t s  t h e  d i s t o r t e d  

e a r t h ’ s  magnetic f i e l d  and magnetosphere. 

Imbedded w i t h i n  the magnetosphere are t h e  r a d i a t i o n  

belts and many o t h e r  phenomena r e l a t e d  t o  geospace.  NOW, i n  

the  case of J u p i t e r ,  about  t e n  y e a r s  ago it w a s  thought  t h a t  

because of the very  r a p i d  r o t a t i o n  and t h e  massive g r a v i t a t i o n a  

f i e l d  t h a t  t h e  magnetosphere o f  J u p i t e r  would be d r a s t i c a l l y  

d i f f e r e n t  t han  t h i s  c o n f i g u r a t i o n ,  which i a  h i g h l y  local t i m e  

dependent. 

The day side is where  t h e  subsolar p o i n t  is com-  

pressed, on the n i g h t  side t h e  magnet ic  t a i l  is  extended far 

beyond t h e  o r b i t  o f  t h e  moon. 

Th i s  diagram taken from a work  by P iddington  shows 
NEAL R. GROSS 
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ro ta t ion ,  t h e  

1 ead t o  a 

magnetosphere 

fo l lowing  t h e  

This  

a c o n f i g u r a t i o n  

i n s i d e  you can 

which, i n  t h i s  

2 

:: 

massive g r a v i t a t i o n a l  and magnetic field would  

s i g n i f i c a n t l y  d i f f e r e n t  c o n f i g u r a t i o n  fo r  the  

s t a y e d  w i t h  us through much of t h e  r e c e n t  t i m e s  

i r . t e r p r e t a t i o n  of P ionee r  d a t a .  

t , i e w  i n  t h e  noon-midnight mer id ian  plane shows 

of the conf ined  magnetosphere of J u p i t e r ,  but 

1 see t h e  d i s t o r t i o n  of t h e  magnet ic  field in I 

I 
I 

I 
I 

d iagram, it shows t h e  f loppy  magnetodisc i n  

4 

which t h e r e  is  a curved e q u a t o r i a l  reg ion .  

The r i g i d  magnetodisc would simply ex tend  the f i e l d  

l i n e s  i n  a symmetr ical  f a sh ion  r e l a t i v e  t o  t h e  magnet ic  ax is .  

W e l l ,  what w e  have found from t h e  o b s e r v a t i o n s  o n  

5 

I 

H 

! t  

21 

2 5 

* 

26 I 
t h e  c o n f i g u r a t i o n  now looking down on the e q u a t o r i a l  p l a n e ,  

f r o m  t h e  n o r t h  p o l a r  reg ion ,  i n d i c a t i n g  t h a t  it w a s  thought  
I 

, 
I I 

I 

I 
: t h a t  t h e  magnetic t a i l  of J u p i t e r ,  i n s t e a d  of extending  behind 

' J u p i t e r ,  which would be downward i n  t h i s  p a r t i c u l a r  f i g u r e ,  

l a r g e  magnet ic  t a i l  outside t h i s  d i s t o r t e d  magnetosphere regio . 1 That  c u r r e n t  sheet, which is close t o  t h e  p l a n e t ,  

and t h e  d i s t o r t i o n  of t h e  f i e l d  l i n e s  i n  t h e  e q u a t o r i a l  r e g i o n  

as shown, merges w i t h  a n e u t r a l  s h e e t  r e g i o n  on the n i g h t  side 

-- t h a t  is, i n  t h e  t a i l w a r d  r eg ion  -- and,  as t h e  p l a n e t  
NEAL R. GROSS 
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27 I 
I 

rotates,  because of t h e  tilt of t h e  d i p o l e  ax i s  by about 9.6 

degrees r e l a t i v e  t o  t h e  r o t a t i o n a l  a x i s ,  t h i s  c u r r e n t  sheet 

wobbles for  t h e  p e r i o d  of ten hours ,  t h e  r o t a t i o n a l  period of 
I 

i 

I 
J u p i t e r ,  and t h a t  t h e  mul t ip l e  o b s e r v a t i o n s  of t h e  c u r r e n t  I 

sheet, both  by t h e  Pioneers and by Voyager, and t h e  topo.l.ogy 
i 

of the magnetic f i e l d  as observed by t h e s e  s p a c e c r a f t ,  e s p e c i a l  

ly on t h e  n i g h t  s i d e ,  can be best exp la ined  by the existence 

D f  t h i s  l a r g e  magnet ic  t a i l .  

Now, t h e  imp l i ca t ion  of t h a t  large magnet ic  t a i l  1s 

shown i n  t h i s  diagram i n  which w e  have now t r a c e d  t h e  f i e l d  

lines, which would be l oca t ed  i n  t h e  magnet ic  f i e l d ,  down to 

the  surface of t h e  p l a n e t .  

On t h e  l e f t - h a n d  side, we have shown t h e  n o r t h e r n  

region,  and t h e  a u r o r a l  zone is  d e l i n e a t e d  by those f i e l d  

Lines which r e p r e s e n t  t h e  boundary between tailward f ie ld  

Lines and magnetic f i e l d  l i n e s  which, e s s e n t i a l l y ,  corotate 

g i th  t h e  p l a n e t .  

The c o l a t i t u d e s  are i n d i c a t e d  10-20-30 degrees .  You 

:an see t h a t  t h e  a u r o r a l  zone i n  t h e  n o r t h e r n  region i s  q u i t e  

) f fset  f r o m  being coaxial wi th  e i t h e r  t h e  rotat ional  a x i s  of 

:ircle 

.egion 

;he p l a n e t ,  which is t h e  o r i g i q  of t h e  coordinate system, or  

wen t h e  magnet ic  d i p o l e  a x i s ,  which is t h e  cross w i t h  t h e  

around it. 

This is i n  d i s t i n c t  c o n t r a s t  to t h e  sou the rn  p o l a r  

which is much more l i k e  t h e  e a r t h ,  i n  which t h e  auroral 

(202) 2 3 4 - 4 4 3 3  
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zone ex tends  around both  t h e  magnetic a x i s  and t h e  r o t a t i o n  

a x i s .  

The i m p l i c a t i o n  of t h i s  h igh  e c c e n t r i c i t y  of  t h e  

p o l a r  r eg ion  for t h e  magnetosphere of J u p i t e r  is  t h a t  t h e  

radio e m i s s i o n s  f r o m  t h i s  reg ion  w i l l  be  much l i k e  a search-  

l i g h t  beaming i n t o  space  for  t h e  p e r i o d  of t e n  hour s ,  per iod-  

i c a l l y  immersing either s p a c e c r a f t  OF the e a r t h  i n  i t s  beam 

p a t t e r n .  

Depending upon t h e  s t r e n g t h  and t h e  frequency and 

t h e  l o c a t i o n  of t h e  r a d i o  sources  i n  t h e  a u r o r a l  r e g i o n s ,  it 

i s  also p o s s i b l e  t h a t  t hey  w i l l  be seen  a t  p e r i o d s  of t w i c e  

t h e  r o t a t i o n  frequency -- t h a t  would be approximate ly  eve ry  

f i v e  hours ,  

The magnetic f i e l d  geometry o f  J u p i t e r  i s  very  com-  

plex .  The e f f e c t  o f  the eccentric p o l a r  c a p ,  t h e  a u r o r a l  

zone will have t o  be s t u d i e d  f u r t h e r  w i t h  more q u a n t i t a t i v e  

modeling , 

An impor t an t  f e a t u r e  o f  t h i s  p a r t i c u l a r  magnet ic  

tail model is  t h a t  w e  p r e d i c t  t h a t  a u r o r a  w i l l  be  seen  as  

l o w ,  a s  you can  see h e r e ,  30 d e g r e e s  c o l a t i t u d e  which i s  60 

3egrees  l a t i t u d e  -- i t ' s  a very l o w  l a t i t u d e  r e g i o n  and, i n  

fac t ,  cor responds ,  I b e l i e v e ,  t o  t h e  lowest l a t i t u d e  a t  which 

3urora happened t o  be r e p o r t e d  i n  t h e  imaging experiment  on 

Voyager 1. 

- 

Obviously,  a d d i t i o n a l  a n a l y s i s  of the exper imenta l  
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o b s e r v a t i o n s  of a u r o r a l  phenomena by the s p a c e c r a f t  Voyager 1 

and 2 w i l l  confirm,  hopefu l ly ,  and l end  suppor t  t o  t h i s  par- 

t i c u l a r  magnetic tail f i e l d  model of t h e  Jov ian  magnetosphere. 

Let m e  now t u r n  to  t h e  i n t e r a c t i o n  of l o  w i t h  t h e  

naynetosphere of Jupiter. The f l u x  t u b e  of Io  is t h a t  region 

D f  space  i n  t h e  Jov ian  magnetosphere which i s  magne t i ca l ly  

zonnected t o  Io and the surface of the p l a n e t .  

The t h e o r e t i c a l  p r e d i c t i o n  of t h i s  s t r o n g  i n t e r a c t i o n  

Zlectrodynamical ly ,  be tween  IO and i t s  magnetosphere,  was done 

nore than  a decade ago by Piddington and Drake and by Gold- 

ceich and Peale and,  subsequent ly ,  fol lowed up by a number of 

I t h e r  a u t h o r s ,  i n c l u d i n g  t h e  o r i g i n a l  a u t h o r s  themselves .  And 

che induced c u r r e n t  p a t t e r n  is shown h e r e ,  i n  red and blue. 

On t h e  s i d e  of I o  towards J u p i t e r ,  t h e  c u r r e n t  flows 

ipward towards 10 and, o u t s i d e  t h i s  f l u x  t u b e  r e g i o n ,  the 

: u r r e n t  f lows downward, Now, Voyager was t a r g e t e d  t o  pass 

rhrough t h i s  f l u x  t u b e  reg ion  on t h e  basis t h a t  there would 

>e no d i s t o r t i o n  of t h e  magnetic f i e l d  due t o  t h e  e lectr ical  

: u r r e n t  which was f lowing  i n  the flux tube, i tself .  

AS it has t u rned  o u t ,  a very  l a r g e  c u r r e n t ,  i n  f a c t ,  

m s  flowing a t  t h e  time we  passed through t h i s  r e g i o n ,  and 

- h i s  l e d  to  d i s t o r t i o n  of t h e  f l u x  t u b e  i n  the v i c i n i t y  of 

m t h  Io  and e s p e c i a l l y  i n  t h e  v i c i n i t y  of t h e  Voyager 1 space- 

: r a f t .  

So, w e  b e l i e v e  w e  d i d  n o t  pass th rough the  f l u x  tube 
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as originaA,y planned, although we did detect the effects of 

the induced current8 which flow. The currents which flow are 

very large. They are approximately 4 to 6 million amperes- 

The power generated in this system is 10 to the 12th 

It is continuously generated watts -- that's a mega-megawatt. 

by the interaction between 10 and the Jovian magnetic field. 

It's a rather complex interaction, and I would like 

to spend just a little bit of time on the more technical as- 

pect of our data and its interpretation,'since this is the 

first time, to my knowledge, that w e  have evidence for such a 
I 

generation mechanism in astrophysics. 

What we see here projected on a plane perpendicular 

field direction in the vicinity of Io are the to the average 

perturbation magnetic fields, the black vectors with arrows, 

shown as the spacecraft Voyager 1 passed by on the trajectory 

illustrated by the black d3ts. 

Our interpretation of the location and configuration 

D f  the current which flows is indicated by the circle containir: 

red and blue colored dots. The current flowing upward and 

lownward is indicated in the same polarity definition used in 

:he previous slide. 

As you can see in this interpretation, the current 

Elow occurs not in the region in which the spacecraft trajector 

)assed but, in fact, some 6- to 7,000 kilometers away from it. 

:he direction in which it is removed is forward of Io and the 
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s p a c e c r a f t  i n  t h e  s e n s e  of t h e  d i r e c t i o n  i n  which Io  moves. 

But,  i n  fac t ,  more impor tan t ly ,  t h a t  is t h e  d i rec t ion  i n  which 

t h e  c o r o t a t i n y  magnetic f i e l d  of J u p i t e r  is c a r r i e d  p a s t  TO, 

s i n c e  t h e  r o t a t i o n  -- t h e  o r b i t a l  r a t e  of IO is slower than  

t h e  corotat ion pe r iod .  

Th i s  i s  an  important  f e a t u r e  when one wants t o  

determine t h e  p o l a r i t y  of t h e  c u r r e n t  f low pa t te rn .  

NOW, t h e  c o n f i g u r a t i o n  of t h e  c u r r e n t s ,  i n  f a c t ,  are 

n o t  p a r a l l e l  t o  the local magnetic f i e l d .  There develops a 

r a t h e r  exot ic  p rocess  which a few y e a r s  ago, i n  the literature 

i n  s tudy ing  t h e  i n t e r a c t i o n  of sa te l l i tes  moving i n  t h e  earth's 

magnetic f i e l d ,  was r e f e r r e d  t o  as  Alfven wings,  named after 

the Swedish a s t r o p h y s i c i s t ,  Thomas Alfven,  in t h e  l i g h t  of t h e  

propagat ion  of d i s t u r b a n c e s  i n  a magnetized median, i n  t h i s  

case, t h e  Jov ian  magnetosphere. 

Th i s  diagram shows t h e  magnetic f i e l d  l i n e s  as l i g h t ,  

broken l i n e s ,  and t h e  c u r r e n t  f low as t h e  so l id ,  h e a v i e r  l i n e s  

showing t h a t  t h e  c u r r e n t  flow is n o t  paral le l  t o  t h e  magnetic 

f i e l d .  The reason  f o r  t h i s  i s  t h a t  t h e  d i s t u r b a n c e s  cannot  

propagate  a t  t h e  speed of l i g h t .  

They are i n  a magnetized median. They are l i m i t e d  

at t h e  r a t e  t h e y  can propagate  a d i s t u r b a n c e  t o  t h e  Alfven 

speed,  and t h i s  d e f l e c t i o n  of t h e  c u r r e n t  from t h e  magnetic 

f i e l d  is  what is  r e f e r r e d  t o  as "Alfven wings". 

Th i s  c u r r e n t  flow is  shown l eav ing  the f i e l d ,  bo th  
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2 u n a n t i c i p a t e d  a spec t  of 
I 

completely t h e  magnetosphere, 

-7 

G 

7 

X 

I 

i t h e  t o r u s  

of J u p i t e r ,  as  w e l l  as being reflected back i n t o  t h e  t o r u s ,  

i t se l f .  I 
I 

I n  summary then ,  and I w i l l  reverse t h e  order, s i n c e  I 

I have j u s t  been d i s c u s s i n g  Alfven wings, i n  confirming o u r  

li 

I-?) 

I ( ;  

The Al fven ic  c u r r e n t  leaks down i n t o  t h e  i o n i s p h e r e  

t o  t h a t  which toasts your bread i n  t h e  toaster i n  the morning, 
I 

r e s i s t i v e  hea t ing .  

I ! )  

20 

i d e n t i f i c a t i o n  of t h e  p e r t u r b a t i o n  of the magnetic f i e l d  i n  t h e  
!' /I 

10 

off by t h e  vo lcan ic  emissions.  

which is  c r e a t e d  by t h e  e n e r g i z a t i o n  of t h e  g a s e s  g iven  I i 

I 1 1 ,  / /  v i c i n i t y  of I o ,  due t o  the electrodynamic i n t e r a c t i o n  of 10 

Ti 

1 1  liwith t h e  magnetic f i e l d  of J u p i t e r ,  w e  c o m e  t o  t h e  conclus ion  

t o  consider i n  the thermal  evo lu t ion  of 10, i t s e l f .  
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12 (I t h a t  Io  and t h e  i n t e r a c t i o n  r e p r e s e n t  a n  enormous power s t a t i o n /  

g e n e r a t i n g  s u f f i c i e n t  c u r r e n t  whose energy d i s s i p a t i o n  i s  

11 Iiadequatc t o  h e a t  t h e  i n t e r i o r  of 10 by a mechanism analogous 
I 

l7 /I I t  is  p o s s i b l e  t h a t  t h e  c u r r e n t  f low, however, does I 
I H  1(no t  p a s s  through Io i t s e l f ,  b u t  on ly  through t h e  i o n i s p h e r e  of 

Only by j o i n t  s tudy of magnetic f i e l d ,  plasma and 

2 l i p a r t i c l e  data  will w e  be able t o  e l u c i d a t e  t h e  n a t u r e  of t h e  1 
i n t e r a c t i o n  i n  t h e  immediate v i c i n i t y  of I o a n d  determine 11 

'1 i i   whether or  n o t  r e s i s t i v e  Joule h e a t i n g  is  an impor tan t  factor 
I 
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We w i l l  n o t ,  however, have t o  contend wi th  t h e  issue 

of how much power i s  involved. 

c u r r e n t  which f l o w s .  

t h a t  c u r r e n t  flows. 

what is involved i n  t h i s  current power system, and t h a t  power 

is dissipated aorneplace wi th in  t h e  Jov ian  magnetosphere. Ex- 

3 c t l y  where is, obvious ly ,  c r i t i c a l l y  impor tan t  fo r  certain 

nechanisms. 

We have measured t h e  t o t a l  

We know t h e  voltage d rop  across which 

1 0  t o  t h e  1 2 t h  w a t t s ,  approximately,  is  

And, l a s t l y ,  the magnetic t a i l  of J u p i t e r ,  an enor- 

nous, l a r g e ,  extended magnetic f i e l d  t r a i l i n g  behind the plane t  

iuch l i k e  a cometary t a i l ,  p o i n t i n g  away f r o m  t h e  sun,  almost, 

but, i n  fact ,  away from t h e  sun,  a5 determined by the solar 

rind which comes from t h e  sun. 

The p o l a r  c a p  i n  t h e  n o r t h e r n  r e g i o n  a t  J u p i t e r  is 

e r y  e c c e n t r i c  and, unquest ionably,  i s  an  impor tan t  factor i n  

e t e rmin ing  t h e  n a t u r e  of r a d i o  emis s ions  f r o m  the polar e m i s -  

ion p e r i o d i c i t i e s .  

MR. MC ROBERTS: Our n e x t  and l a s t  speaker will be 

r. Edward Stone,  Project S c i e n t i s t ,  C a l i f o r n i a  I n s t i t u t e  of 

schnology . 
A f t e r  D r .  S tone  speaks,  we want t h e  i n v e s t i g a t o r s  

1 come up t o  t h e  f r o n t  for t h e  i n t e r v i e w .  

STATEMENT OF DR. EDWARD $TONE 
PROJECT S C I E N T I S T  

CALIFORNIA INSTXTUTE OF TECHNOLOGY 

DR. STONE: J u s t  a few brief comments on some sc i ence  
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results, and then a little discussion about Voyager 2. 

A 8  you may recall, it was reported in March when we 

had our encounter activities, that the distribution of particle 

in the torus, as measured by the plasma instrument, indicated 

that there was ionized sulfur in the torus, and ionized oxygen 

in the torus, and that these particles were, basically, very 

low energy particles, which were essentially rotating w i t 2 1  

Jupiter ' s magnetic field 

Since that time, the cosmic ray instrument which, 

in fac t ,  R. E .  Voght is the principal investigator of, made 

some measurements of high energy particles, those moving with 

about 10 percent of the velocity of light, inside of 10'5 

orbit -- again, just at the time when Voyager went inside the 

torus and was on its w a y  back out through the flux tube. And 

at that time, discovered that the high energy particles also 

have a very anomalous composition. 

At the bottom of this graph, you see the element 

number -- 6 is carbon, 8 is oxygen, 10 ion, 12 magnesium,-14 

is silicon, 16 is sulfur and 26 is iron. And the bottom graph, 

basically, shows the kind of relative abundances that one ex- 

pects for  solar system composition; for instance, about half  

as much carbon as oxygen, and the appropriate amounts of even 

elements all the way up to iron. 

Inside of 10,what was observed -- again, these were 
particles moving with about 10 percent the velocity of light, 
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so t hey  have been somehow a c c e l e r a t e d  from t h e  plasma which 

w a s  observed t h e r e ,  up t o  f a i r l y  h igh  v e l o c i t i e s ,  and what 

one sees  is predominantly oxygen, no ev idence  of any carbon 

whatsoever  . 
The amount of sul fur  t h e r e  is abou t  75 p e r c e n t  t h a t  

of oxygen and, i n  s o l a r  system abundances, t h e  m o u n t  of s u l f u r  

i s  abou t  2 p e r c e n t  as, i n  fact ,  you can see i n  t h e  lower p l o t ,  , ! 

and t h e  amount of sodium is also enhanced. I n  t h i s  ease, t h e  , 

sodium is about  4 p e r c e n t  of oxygen whi l e ,  i n  n a t u r e ,  i t  i s  

about  2 p e r c e n t  i n  solar s y s t e m  abundances. 

Compared to  carbon, of c o u r s e ,  all t h r e e  are g r o s s l y  

Th i s ,  of cour se ,  is -- t h e  r e l a t i v e  abundances h e r e  2nhanced. 

If oxygen and s u l f u r  are c e r t a i n l y  r emin i scen t  of a process 

ohich may w e l l  be related t o  what w a s  r e p o r t e d  t h i s  morning -- 
h a t  i s ,  t h a t  t h e r e  is  s u l f u r  dioxide p o s s i b l y  coming o u t  Of 

:he volcanos,  t h a t  t h a t  s u l f u r  d i o x i d e  i s  e v e n t u a l l y  broken 

[own i n t o  i t s  components of t w o  oxyqens and one s u l f u r  each, 

md t h a t  t h e r e  is t h e n  an a d d i t i o n a l  p r o c e s s  which is n o t  yet  

understood,  by which at least  some f r a c t i o n  of t h o s e  p a r t i c l e s  

end up w i t h  about  1 0  p e r c e n t  t h e  v e l o c i t y  of l i g h t  j u s t  i n s i d e  

of IO'SJ o rb i t .  

The o t h e r  s c i e n c e  t h i n g  which I wanted t o  r e p o r t  has  

to do w i t h  what w e  are seeing on Voyager 2 now, i n  t h e  case 

'!I , of a tmospher ic  s t u d i e s .  

'*' I s ta r ted  our obse rva to ry  phase. 

As you know, Voyager 2 has  a l r e a d y  
I 

I 

We are imaging the p l a n e t  every 
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t w o  hours ,  as we d i d  wi th  Voyager 1, and t h e r e  have been a 

number of changes i n  t h e  atmosphere s i n c e  we looked a t  it w i t h  

Voyager 1 dur ing  t h e  observa tory  phase. 

The s m a l l  i n s e t  i n  t h e  c e n t e r  is, i n  f a c t ,  the 

Voyager 1 inage  of J u p i t e r  showing t h e  g r e a t  red spot and, up 

on t h e  l e f t ,  is t h e  a i d e  of J u p i t e r  which now has  the g r e a t  

red spot. I t  t u r n s  out the great red 5p0t h a s  drifted with 

r e s p e c t  t o  System 3. 

System 3, as you may recall,  is t h e  c o o r d i n a t e  system 

which is  locked t o  t h e  m a g n e t i c  f i e l d  and, t h e r e f o r e ,  locked 

to the deeper  i n t e r i o r  o f  the p l a n e t .  And t h e  g r e a t  red s p o t  

has,  i n  f a c t ,  d r i f t e d  t o  t h e  west. I n  fac t ,  one can  see, if 

m e  looks i n  some d e t a i l ,  t h a t  the r e l a t i v e  position, for i n -  

s tance ,  of t h e  tu rbu lence  which one sees here, there is a 

Bourcc of a l o t  of m a t e r i a l  which, e s s e n t i a l l y ,  p rov ides  t he  

tracers which allows one t o  image t h e  t u r b u l e n c e  which is 

yoing on he re .  

If you look on t h i s  image, you w i l l  see t h a t ,  i n  fact 

t he  t u r b u l e n c e  and t h e  g r e a t  r e d  s p o t  have s e p a r a t e d .  The 

3ource of t h e  material which makes this t u r b u l e n c e  apparent 

.ias s h i f t e d  t o  t h e  east, or the g r e a t  red s p o t  h a s  s h i f t e d  t o  

the  w e s t .  

And, i n  fact, as we go around t h e  l imb of t h e  p l a n e t  

a ways, we f i n d  t h a t  t h e  source o f  material which allows one  

to see t h e  tu rbu lence  is now, i f  you l i k e ,  around t h e  l i m b  f r o n  
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t h e  g r e a t  r ed  s p o t ,  So t h a t  t h e  g r e a t  r e d  s p o t  and i t s  turbu-  

l e n c e  source, which were apparent ly  a t  t h e  same System 3 longi -  

tude ,  e s s e n t i a l l y ,  have moved i n  o p p o s i t e  d i r e c t i o n s  and now 

no longe r  appear  on t h e  same s i d e  of t h e  p l a n e t .  

The o t h e r  t h i n g ,  of cour se ,  one can  see t h a t  it i s  

p a r t i c u l a r  -- here, ono has these brown s p o t o  which, as you 

may remember, are clockwise a n t i c y c l o n e s .  You w i l l  notice 

t h a t  they  a r e  not h e r e  i n  t h i s  image. They are on J u p i t e r ;  

t h e y  j u s t  happen t o  be ,  aga in ,  on t h e  o t h e r  s i d e  from t h e  greai 

r e d  s p o t .  

Another t h i n g  you may n o t i c e  i s  t h a t  t h e s e  w h i t e  

ovals -- t h e r e  are t h r e e  of these. They came i n t o  e x i s t e n c e  

about  4 0  y e a r s  ago when a white  zone of c l o u d s , ~ e s s e n t i a l l y ,  

b r o k c  into three pieces, and i t  has  been c o n t r a c t i n g  e v e r  
I 

since into these three white o v a l s ,  which are more or less 

equa l ly  spaced -- n o t  e x a c t l y  -- around t h e  p l a n e t .  

And you can  see t h a t ,  i n  t h e  case of Voyager 1, t w o  

of t h e  t h r e e  wh i t e  s p o t s  are appa ren t  he re .  There i s  a w h i t e  

c loud  i n  between them. And now w e  see t h a t  t h i s  w h i t e  s p o t ,  I 

i n  fac t ,  a g a i n ,  has  -- w e l l ,  i n  f a c t ,  t h e  great r e d  spot has 

a c t u a l l y  moved i n  t h i s  d i r e c t i o n ,  and t h i s  is t h e  same w h i t e  

s p o t  as t h e  w h i t e  o v a l  a s  was appa ren t  i n  Voyager 1. 

And, o f  course, t h a t  changes t h e  c h a r a c t e r i s t i c ,  sOmc 

of t h e  c h a r a c t e r i s t i c s ,  t h a t  one  sees around t h e  g r e a t  red 

r p o t ,  itself; there is  no longer  a w h i t e  cloud deck immediatelJ 
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below it and, t h e r e f o r e ,  t h e r e  i s  some change i n  a s p e c t .  

So, even in t h i s  small t i m e  span of  about  t h r e e  o r  

f o u r  months between Voyager 1 and Voyager 2 ,  it i s  clear t h a t  

t h e r e  h a s  been a cont inued  e v o l u t i o n  of t h e  g r o s s  f e a t u r e s  

Df the Jov ian  weather system and, c l e a r l y ,  Voyager 2 w i l l  t h e n  

> r o v i d e  an  extended t i m e  base for  t h e  dynamic s t u d i e s  which 

3re p r e s e n t l y  under way w i t h  t h e  Voyager 1 data  s e t .  

Okay. I t h i n k  t h a t  t h o s e  are t h e  t w o  t.hings i n  t h e  

s c i e n c e  area t h a t  I wanted t o  mention. I n  te rms  of s t a t u s ,  

Joyager 2 i n s t rumen t s ,  b a s i c a l l y ,  a l l  of the i n s t r u m e n t s  pres- 

m t l y  f u n c t i o n a l ,  normally f u n c t i o n a l .  There are two where 

@e have changed t h e i r  o p e r a t i o n  to  a c e r t a i n  extan$. 

I n  t h e  case of t h e  pho topo la r ime te r ,  as i n  the case 

)f Voyager 1, we w i l l  be o p e r a t i n g  that i n s t rumen t  on ly  as a 

:olor photomet'er. I n  other words, w e  w i l l  n o t  be o p e r a t i n g  

:he p o l a r i z a t i o n  wheel, so we w i l l  n o t  g e t  p o l a r i z a t i o n  measure 

i en t s  w i t h  t h e  Voyager 2 photopolaremeter ,  o n l y  color photometr 

I n  the  case of t h e  in frared  i n s t rumen t ,  w e  have p u t  

. t  -- it is  b a s i c a l l y  running a t  a somewhat w a r m  c o n d i t i o n .  It 

loes have a slow d r i f t  i n  its a l ignment  and,  of course, w e  are 

. a lk ing  abou t  a l ignments  which are f r a c t i o n s  of t h e  wavelength 

I f  l i g h t  o v e r  a p e r i o d  of t i m e  when it is  a t  i t s  o p e r a t i n g  

emperature .  So, we are p r e s e n t l y  running  it warm,  and we w i t 1  

w i t ch  it i n t o  i t s  cold o p e r a t i n g  mode on June  20th ,  and t h e r e  

s -- i n  f a c t ,  t h i s  is a standard procedure  we have adopted now 
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and there is c e r t a i n l y  every reason  t o  expec t  t h a t  t h a t  i n s t r u -  

ment  will perform q u i t e  w e l l  for t h e  close approach f o r  J u p i t e r  

and you have heard some of t h e  r e s u l t s  t h i s  morning, i n  fact ,  

from t h e  voyager 1 ins t rument .  

I n  terms of what is  new and what k inds  of new and 

d i f f e r e n t  t h i n g s  w e  might expec t  on Voyager 2 ,  f i r s t  of a l l  i n  

terms of t h e  s a t e l l i t e  encounters ,  on Voyager 1, as you recall ,  

o u r  sa te l l i t e  encoun te r s  were all a f t e r  o u r  closest approach 

t o  J u p i t e r .  That  means t h a t  we saw one p a r t i c u l a r  face. 

With Voyager 2 ,  by des ign ,  we are encounter ing  both 

Ganymede and Callisto before  closest approach t o  J u p i t e r ,  and 

: h a t  allows u s  t o  look a t  t h e  o p p o s i t e  f a c e s  at about  t h e  same 

h i g h  r e s o l u t i o n  as w e  did on Voyager 1, b u t  t h e  o p p o s i t e  faces. 

Also, w e  tended to  go ove r  $he n o r t h  p o l a r  regions 

on Voyager 1. On Voyager 2 w e  w i l l  have a much better look 

a t  t h e  s o u t h  polar r e g i o n s  on t h o s e  t w o  objects. So, we w i l l  

be looking  a t  some new r e a l  estate on Ganymede and C a l l i s t o ,  

and we do c e r t a i n l y  know t h a t  the  b r i g h t n e s s  of t he  d i f f e r e n t  

faces of those two  objects is d i f f e r e n t ,  so one may well have 

still a f e w  s u r p r i s e s  l e f t  there. 

I n  t h e  case of Europa, of c o u r s e ,  w e  d i d  n o t  g e t  as 

close t o  Europa on Voyager 1 as w e  d id  t h e  o t h e r  three and, as 

3 r e s u l t ,  a g a i n ,  by d e s i g n ,  Voyager 2 is coming much c l o s e r  

to Europa. Our  r e s o l u t i o n ,  o u r  best  r e s o l u t i o n ,  will be on 

t h e  order of 4 kilometers per l i n e  p a i r ,  which is  very s i m i l a r  
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t o  t h e  k inds  of r e s o l u t i o n  t h a t  we achieved on Ganymede and 

C a l l i s t o  on Voyager 1, and t h a t  should allow u s  t o  have a much 

b e t t e r  i d e a  as t o  w h a t  the long c o l o r  s t r e a k s  are t h a t  show up 

i n  Europa, whether those; indeed, are c r a c k s  i n  t h e  s u r f a c e ,  and 

whether or  not we have i n d i c a t i o n  of s i g n i f i c a n t  c r u s t a l  

be responskble for c r a c k s ,  if that streeses which could w e l l  

is what they  are. 

So, come J u l y  9 

a t  Europa. 

We have also -- 

we should have r e a l l y  a good look 

you may a lso remember we have s e v e r a l  

o c c u l t a t i o n  exper iments  where we look  back -- where w e  observed 

t h e  radio frequency s i g n a l  as t h e  s p a c e c r a f t  goes behind J u p i t e  

Our Voyager 1 passage was near  t h e  e q u a t o r ,  Voyager 2 will make 

a passage, if you l i k e ,  as viewed f r o m  ear th ,  n e a r e r . t h e  south 

pole, so w e  will be able t o  probe more of t h e  polar atmosphere 

with o u r  radio o c c u l t a t i o n  experiment.  

There are several changes we've made t o  t h e  sequence. 

411  t h e  t h i n g s  I've d i scussed  so f a r  are more o r  less txajector 

things which we des igned  several y e a r s  ago. W e  have also, in 

t he  last s e v e r a l  months, gone back and tried t o  make some modi- 

E i c a t i o n s  t o  o u r  preplanned sequences.  For i n s t a n c e ,  we are 

jo ing  t o  p u t  i n  a 10-hour sequence of observations of 10's 

tolcanic a c t i v i t y  where w e  w i l l  be  imaging eve ry  few minutes ,  

t ak ing  a n  image eve ry  few minutes. 

And it t u r n s  o u t  the a s p e c t  t h a t  Io  p r e s e n t s  t o  t h e  
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s p a c e c r a f t  a t  t h a t  time is t h a t  one p a r t i c u l a r  v o l c a n i c  r e g i o n  

which  w a s  observed on Voyager 2 w i l l  more or  less c o n t i n u e  t o  

be in t h e  f i e l d  of view for t h a t  e n t i r e  period of t i m e ,  so it 

shou ld  be p o s s i b l e  t o  get some i n d i c a t i o n  of t h e  n a t u r e  and the 
I 

t i m e  s c a l e  of any v a r i a t i o n  i n  v o l c a n i c  a c t i v i t y  associated 

w i t h  t h e  plumes, and also a s s o c i a t e d  wi th  some of  these b l u e r  

regions which Larry ment ioned  t h i s  morning. 

We have also modified o u r  sequences so t h a t  t h e  

u l t r a v i o l e t  i n v e s t i g a t i o n  w i l l  spend a g r e a t  d e a l  more t i m e  

i n v e s t i g a t i n g  t h e  e m i s s i o n  f r o m  t h e  t o r u s ,  i t s e l f .  

On Voyager 1, s i n c e  we d i d n ' t  know e x a c t l y  where 

the  best place t o  look  w a s ,  w e  e s s e n t i a l l y  s p e n t  our t i m e  

scanning t h e  e n t i r e  system, from C a l l i s t o ' s  o rb i t  on t h e  

me side, out t o  C a l l i s t o ' s  o r b i t  on the other side. 

On Voyager 2 ,  we spend m o s t  of t h e  t i m e  we have r i g h t  
i 

i n  around I o ' s  o r b i t  where we know t h e r e  is a very  i n t e n s e  

u l t r a v i o l e t  emis s ion ,  and i t  w i l l  al low us to,  a g a i n ,  assess 

t h e  v a r i a b i l i t y ,  on a s h o r t  t i m e  scale, of t h e  p r o c e s s e s  t h a t  

sre going on ,  presumably related t o  t h e  combination of 10 

a c t i v i t y  and t h e  magnetospheric p r o c e s s e s  which w i l l  c ause  a 

zhange i n  t h a t  a u r o r a l  i n t e n s i t y ,  i n  t h e  t o r u s  i n t e n s i t y .  

As I t h i n k  h a s  a l r e a d y  been mentioned, we i n t e n d  t o  

take  more images of t h e  d a r k  side o f  the p l a n e t  i n  order t o  

3ssess t h e  e x t e n t  of the a u r o r a l  r a d i a t i o n  and t h e  v i s i b l e  

Mavelengths, and also t o  be a b l e  t o  get a better i d e a  of t h e  
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l i s t r i b u t i o n  of  l i g h t n i n g  lin t h e  p l a n e t a r y  atmosphere. W e  

iave a very  t i n y  fraction of t h e  p l a n e t  cap tu red  i n  t h e  

royager 1 image, which you have all seen.  

We are also planning t o  t a k e  more images of t h e  r i n g .  

LS you know, t h e  one image we took on Voyager w a s  c a r e f u l l y  

k s i g n e d  t o  be e x a c t l y  a t  r i n g  p l ane  c r o s s i n g .  We w i l l  s t i l l  

io t h a t  a g a i n  on Voyager 2 ,  bu t  w e  w i l l  also t r y  t o  c a t c h  t h e  

ring when it is s l i g h t l y  open, so t h a t  w e  can  have some i d e a  

)f how f a r  i n  t h e  m a t e r i a l  extends.  

All we know now is  how f a r  o u t  it ex tends ,  so w e  

iave m m e  a d d i t i o n a l  images planned wi th  t h e  r i n g  slightly 

Dpen, both as w e  go i n  through the  r i n g  p l a n e  and a s  we come 

back out through t h e  r i n g  plane. 

a b l e  to  have a better idea of whether  t h e  r i n g  i s  like a 

So, hopefu l ly ,  w e  w i l l  be 

S a t u r n ’ s  r i n g ,  which means it h a s  a rather broad radial  e x t e n t  

inward from t h e  o u t e r  edge,  o r  whether it i s  more l i k e  a 

Uranus’ r i n g ,  which would have a very  l i m i t e d  radial  e x t e n t  

and it would be more of a ribbon around t h e  p l a n e t .  

have made. W e  have also been adding some a d d i t i o n a l  measure- 

ments for t h e  plasmawave ins t rument  so it can ,  hope fu l ly ,  de- 

tect  more lightning b o l t s ,  a l though  it is impor tan t  t o  recog- 

n i z e  t h a t  we w i l l  n o t  be f l y i n g  through t h e  t o r u s  on Voyager 2 ,  

a n d  t h a t  may make it more d i f f i c u l t  t o  detect t h e  w h i s t l e r s  

which Fred r e p o r t e d  on Voyager 1.  
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Thank you. 

MR. MC ROBERTS: I wonder i f  t h e  i n v e s t i g a t o r s  would I 
come up and w e  w i l l  be open f o r  Q and A .  Okay. We’re open 

for ques t ions .  

QUESTION: Larry, how many v e n t s  do you i d e n t i f y  now? 

D o  you know anyth ing  about  t h e  duration and sequence of any of 

t h e  ven t ing ,  how long one of them goes on, and how p e r i o d i c a l l y  

they come on? 

I 
DR. SODERBLOM: Well, w e  have observed something 

I 

l i k e ,  I t h i n k  it was n i n e  a t  one t i m e  and now it is back t o  

8. I t h i n k  8 is t h e  number now, and see each of t h e s e  perhaps  

on t h e  average  of four t imes.  d 

So, we have something on the order of 30 observat ion1 

I n  each  case, t he  plume is f u l l y  developed. I n  o t h e r  words, 

it’s l i k e  a cont inuous  lawn s p r i n k l e r  j u s t  s t a n d i n g  there goinc 

o f f .  And t h a t  means t h a t  t hey  are n o t  i n  t h e  process of e i t h e i  

developing o r  c o l l a p s i n g .  

And s i n c e  it takes about t e n  minutes  t o  become fully 

developed -- i n  o t h e r  words, f o r  t h e  material t o  rise t o  t h e  

highest a l t i t u d e  and f a l l  back t o  t h e  s u r f a c e .  

the plume, each of t h o s e  plumes, had been going on for t e n  

minutes. 

That means thai 

So, t h a t  means we have something of t h e  o r d e r  of 300 

minutes of d u r a t i o n ,  which s u g g e s t s ,  s t a t i s t i c a l l y ,  t h a t  they  

have t o  be act ive for several hours ,  p h y s i c a l l y .  

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

1330 VERMONT AVENUE, NW 

r2nii 7 ~ t  A A A C  (2021 2 3 4 - 4 4 3 3  WASHINGTON, D C. 20005 



4 4  

Now, one I d i d  show you, t h e  one referred t o  as t h e  

"Tarantu la" ,  i n  t h e  earlier image i n  which we looked d i r e c t l y  

down on t h a t  ven t ,  we did  not  see t h e  very  da rk  p a t t e r n .  So, 

t h a t  s u g g e s t s  a v a r i a b i l i t y  maybe on t h e  order of days o r  less, 

b u t  l o n q e r  than  hours.  

MR. Mc ROBERTS: Anyone else have a ques t ion?  

QUESTION: Dr. P e a r l ,  is t h e r e  anyth ing  i n  t h e  IRIS 

coverage t h a t  gives  you an  i d e a  of t h e  areal e x t e n t  of  he 

SO2 across t h e  s u r f a c e ?  Is t h e r e  any way t o  r ead  t h a t  o u t  and 

see  how f a r  it t ravels  f rom a g iven  plume? 

M R .  PEARL: we'll, o u r  s p e c i a l  r e s o l u t i o n  is  n o t  

near ly  as good as t h e  imaging r e s o l u t i o n ,  Our f o o t p r i n t  is  

2bout G O  p e r c e n t  of t h e  f u l l  narrow a n g l e  imaging frame. And 

the s i q n a t u r e  which I showed i n  t h e  s l ide for  SO2 is a r eg ion  

>f the  spectrum where we have, g e n e r a l l y ,  very l o w  s i g n a l .  

I t  was h igh  over t h e  h o t  r e g i o n  simply because it 

vas h o t t e r  t h a n  normal. Consequently, it w i l l  probably be ve r i  

l i f f i c u l t  t o  elaborate j u s t  what t h e  d i s t r i b u t i o n  might be. 

QUESTION: How many b l u i s h  areas have you seen? 

DR. SODERBLOM: Well, we've Only s e e n  one where we 

lave several images which we can  demonst ra te  c l e a r l y  t h a t  it i: 

x a n s i e n t .  B u t  I ' m  convinced, having coupled t h e  morphology 

md appearance of t h a t  one to t h e  o t h e r s  on t h e  d i s c ,  t h a t  w e  

m e  s e e i n g  30 or  4 0  a t  least. 

It  would be i n t e r e s t i n g  t o  look t o  see if t h e  I R I S  

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

1330 VERMONT AVENUE. NW 

~~~~~ ~ L3O11 261-4445 (202)  2 3 4 - 4 4 3 3  WASHINGTON, D.C. 20005 



45 

ins t rument  p i c k s  up any anomalies i n  t h e  r e g i o n s  where those 

t h i n g s  a r e  very dense. 

QUESTION: D r .  Ness, is  it odd t h a t  t h e  n o r t h e r n  

a u r o r a l  cap ,  o r  magnetic cap ,  o r  whatever you ca l l  it, is  as 

eccentric as it is? It  seems t o  ne t h a t  there's been some 

work i n  t h e  laat few yaara of  the ea r th ' s  n o r t h e r n  a u r o r a l  

r e g i o n  sugges t ing  t h a t  t hey  a r e ,  (a), e c c e n t r i c  and,  (b), n o t  

l i n e d  e c c e n t r i c  t o  both  p l a n e t s '  r o t a t i o n  axis and magnet ic  

a x i s  , 

DR. NESS: N o t  t r u e .  The s i t u a t i o n  i n  t h e  case of 

the ear th is t h a t  it is c o a x i a l  w i t h  both t he  magnetic ax is  

and t h e  r o t a t i o n  a x i s .  

QUESTION: But they a r e n ' t  c o a x i a l .  

DR. NESS: 

circles around both of them, 

is t h a t  t h e  auroral zone on t h e  day side, as measured by 

p a r t i c l e  p r e c i p i t a t i o n ,  is  a t  a s l i g h t l y  h i g h e r  l a t i t u d e  of 

7 2  degrees when compared to the  n i g h t  side where t h e  l a t i t u d e  

N o ,  they aren't, b u t  t h e  a u r o r a l  zone 

What w e  do obse rve  on t h e  earth 

d r o p s  it down t o  about  65 degrees. 

So, e s s e n t i a l l y ,  t h e  a u r o r a l  zone is f i x e d  i n  space  

and t h e  e a r t h  rotates  under it, i n  t h e  case of t h e  terrestr ia l  

a u r o r a l  zone. 

d i f f e r e n t  -- t h a t  is, t h e  auroral zone i s  c a r r i e d  around with 

J u p i t e r  because of t h e  strong magnet ic  f i e l d  and because it is 

On J u p i t e r ,  we b e l i e v e  t he  s i t u a t i o n  i s  q u i t e  

SO eccentric. So, the  auroral zone, i n s t e a d  of being roughly 
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s t a t i o n  ry i n  space -- al though appearing t o  vary, as it is 

on t h e  e a r t h  -- w i l l ,  i n  fac t ,  vary  cons ide rab ly  t o  a viewer 

o u t s i d e  t h e  Jov ian  system. I t  w i l l  rock back and f o r t h .  

Bocause it extends  down t o  60 deg rees  l a t i t u d e  t o  

abou t  80 degrees l a t i t u d e ,  t h e r e  will be p e r i o d s  of t i m e  i n  

which, depending upon where one is observ ing ,  t h e  a u r o r a l  zone, 

i n  f a c t ,  should n o t  be v i s i b l e .  I t  will be hidden by t h e  

p l a n e t .  

MR. MC ROBERTS: A r e  t h e r e  any o t h e r  ques t ions?  
1 

QUESTION: D r .  S c a r f ,  a t  some p o i n t  s h o r t l y  a f t e r  

t h e  encounter ,  I recall you mentioning t h a t  some of t h e ,  I . 

guess ,  w h i s t l e r s  -- I w a s  going t o  say  "spirits", b u t  maybe it 

was w h i s t l e r s  t h a t  had been detected -- were r i g h t  n e a r  t h e  

time of t h a t  f l u x  t u b e  c r o s s i n g ,  and others w e r e  n o t ,  and you 

were t h i n k i n g  about  t h e  p o s s i b i l i t y  t h a t  maybe, f o r  some 

mechanism I c a n ' t  imagine, 10 might  be a l i k e l y  source .  

DR, SCARF: W e l l ,  I c e r t a i n l y  w a s  concerned about  it 

because 10 is  so much closer t o  Voyager t h a n  t h e  atmosphere of 

J u p i t e r ,  and also as  I mentioned h e r e  b u t  perhapa d i d n ' t  nen- 

t i o n  as c l e a r l y  as I might,  a l l  of t h e s e  t h a t  w e  have detected 

so far have been i n  t h e  t o r u s  r eg ion ,  t h e  10 t o r u s  r eg ion ,  i n -  

bound and outbound. 

I t h i n k  I a m  much more convinced now t h a n  I w a s  a t  

t h e  t i m e  w e  t a lked  abou t  t h i s ,  t h a t  they  are coming from t h e  

atmosphere,  because t h e  a n a l y s i s  t h a t  I to ld  you we would do 
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has  been done. 

W e  have compared t h e  t r a v e l  t i m e s ,  and t h e  shapes ,  

and seen i f  w e  can  exp la in  all of  t h e  c h a r a c t e r i s t i c s  by as- 

suming they  come f r o m  t h e  atmosphere. I n  fact ,  t hey  n o t  o n l y  

a l l  appear  t o  come from t h e  atmosphere,  b u t  from t h e  n o r t h e r n  

hemisphere. And we can exp la in  t h e  d i f f e r e n c e  i n  t h e  d i s p e r -  

s i o n s  t h a t  we see on t h e  inbound passage  of t h e  t o r u s  and on 

the  outbound, by cons ide r ing  t h e  d i f f e r e n c e  i n  where t h e  space 

=.raft was wi th  r e s p e c t  t o  t h e  torus. 

QUESTION: On the lightning, can  you t e l l  f r o m  how 

?any you detected, ove r  what period of t i m e ,  t o  estimate t h e  

rrequency of t h e  lightning? What is your  best s h o t  r i g h t  now: 

DR. SCARF: I r e a l l y  h a t e  t o  say  a number a t  t h i s  

p o i n t .  

d a t a ,  t h e  h igh  r a t e  data t h a t  we are g e t t i n g  h e r e  is a c t u a l l y  

coming i n  s p u r t s .  

We have a very i r r e g u l a r  data set  because t h e  waveform 

I n  order for u s  t o  g e t  some of t h i s  data,  they  have 

t o  s t o p  t h e  p rocess ing  of t h e  imaging. This  is n o t  an  easy  

t h i n g  t o  do. So, we d o n ' t  have a uniform d i s t r i b u t i o n  y e t .  

8e w i l l  be  g e t t i n g  it soon. 

QUESTION: I get t h e  impress ion  t h a t  t h e  f l u x  t u b e  

is t u r n i n g  o u t  t o  be r a t h e r  d i f f e r e n t  from what was expec ted ,  

> a r t i c u l a r l y  i n  terms of t h e  electrical  energy.  I f  Voyager 

lad gone through t h e  f l u x  tube ,  would i t ' s  expe r i ence  have beer 

my d i f f e r e n t ?  
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DR. SCARF: W e l l ,  we d i scussed  t h i s  as w e  were coming 

i n .  Norman w i l l  have a comment i n  a moment, b u t  one of t h e  

t h i n g s  t h a t  I t h i n k  we weren’ t  p repared  €or w a s  t h e  very dense I 
I 

plasma i n  t h e  t o r u s .  And without  any o t h e r  c o n s i d e r a t i o n  of 1 

t a r g e t i n g ,  t h a t  a l r e a d y  sugges t s  t h a t  the i n t e r a c t i o n  between 

Io and t h e  ion i sphese  of J u p i t e r  has t o  be modif ied because 

of t h i s  very  dense plasma around the t o r u s .  

Maybe Norman would l i k e  t o  take over a t  t h i s  p o i n t .  

DR. NESS: I f  we  had gone through t h e  r e g i o n  i n  whick 

t h e  electrical c u r r e n t s  flow, u ~ ~ p ~ t i o n & d , y ,  we would have 

s e e n  d r a s t i c a l l y  d i f f e r e n t  p r o c e s s e s  i n  a c t i o n .  
I 

We d i d n ’ t  pass very far from them. We were o n l y  

about  5- t o  6 ,000  kilometers, b u t  t h o s e  large c u r r e n t s  which 

I f l o w  would, unques t ionably ,  have d i s tor ted  t h e  local plasma 

character is t ics ,  e n e r g e t i c  p a r t i c l e s .  
i 

I 
I 
I 

We probably would have had a chance t o  see t h e  ener-  

g e t i c  p a r t i c l e s  which had been p r e d i c t e d  t o  be accelerated by 

t h i s  i n t e r a c t i o n  process. To t h e  best of my knowledge, such  

accelerated particles have n o t  y e t  been reported. 

When you have particles accelerated f a r  above t h e  

v e l o c i t i e s  of t h e  adjacent environment,  c e r t a i n  i n s t a b i l i t i e s  

can arise g e n e r a t i n g  large ampl i tude  n o i s e  which would have 

been detected by t h e  plasma s c i e n c e ,  plasma wave experiment  

and by the  e n e r g e t i c  par t ic le  detevtors.  

Noise i n  t h e  n a t u r e  of t u r b u l e n c e ,  large ampl i tude  
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f l u c t u a t i o n s ,  t h i s  was n o t  observed. The parameters  were 

smoothly v a r i e d .  We d i d  not p a s s  through t h e  c u r r e n t  c a r r y i n g  

region, and we do n o t  b e l i e v e  we passed through t h e  Io  flux 

t u b e ,  i t s e l f .  

QUESTION: Could you have damaged t h e  s p a c e c r a f t  

h a d  you passed through one of those r e g i o n s ?  

DR. NESS: I d o n ' t  b e l i e v e  so, b u t  I c a n ' t  be s u r e ,  I 
Sccause I don't know t h e  n a t u r e  of t h e  charged pczr t ic le  environ 

n e n t  t h a t  w e  would have enjoyed a t  t h a t  t i m e .  

I 

QUESTION: From a charging s t a n d p o i n t ,  was t h a t  any 

3ort of d e s i g n  c o n s t r a i n t  on t h e  s p a c e c r a f t ,  like an a c t i v e  

3otent ia l  s u r f a c e  or something, f o r  the  reasons of t h e  f l u x  

cube? 

DR. NESS: N o t  e s p e c i a l l y  for t h e  flux tube. Those 

: o n s i d e r a t i o n s  were very  important  i n  t h e  d e s i g n  of t h e  space- 

: r a f t  g e n e r a l l y  simply because of t h e  i n t e n s e  r a d i a t i o n  belts 

tnd i n t e n s e  r a d i a t i o n  environment, b u t  n o t  e s p e c i a l l y  because 

)f t h e  f l u x  tube .  

QUESTION: D r .  P e a r l ,  are t h e r e  any i n f r a r e d  r ead ings  

In the b l u i s h  areas D r .  Soderblom spoke abou t?  

DR. PEARL: A t  t h i s  p o i n t ,  I d o n ' t  know. I d o n ' t  

Lave t h e  e x a c t  p o s i t i o n s  of t h o s e  f e a t u r e s ,  and I will have t o  

:heck t h a t .  

QUESTION: The black and w h i t e  photo  t h a t  you showed 

i t  one p o i n t  had a ,  if I didn't know what it w a s ,  a remarkably 
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m--3.r~"P.-~'-I'1T 



I 
50  

Martian-looking, f luv ia l - looking ,  so on, channel  a t  t h e  bottom 

h a l f  t h e  width of t h e  frame, all t h e  way down t h e  p i c t u r e .  

Is t h a t  a f luv ia l - look ing  f e a t u r e  to you? 

DR, SODERBLOM: Fluvia l - looking  f e a t u r e .  The b l ack  

and whi te  near t h e  t e rmina to r ,  filtered p i c t u r e ?  

QUESTION: Yes. 

DR. SODERBLOM: What you see t h e r e  is  a series Of 

z l i f f  scarps, and t h e r e  i s  a coup le  of f e a t u r e s  which a re  re- 

l a t e d  t o  f a u l t i n g  i n  t h e r e ,  b u t  no th ing  I saw t h a t  w a s  p a r t i c u .  

Larly s inuous .  

ire t h e s e  m u l t i p l e  l a y e r s  t h a t  appear  t o  be  eroded at t h e i r  

s c a r p m e n t s  i n  t h a t  frame, b u t  I d o n ' t  recall  -- 

There are some p e c u l i a r  t h i n g s  i n  t h e r e  which 

QUESTION: Why d o n ' t  w e  show t h e  sl ide.  

DR. SODERBLOM: Sure. Back up about  -- 
(Whereupon, t h e  slide w a s  shown.) 

QUESTION: While h e ' s  l ook ing ,  how many d e g r e e s  

e s t  had t h e  r e d  s p o t  d r i f t e d  i n  System 3 and i n  what p e r i o d  

f t i m e ,  and i s  t h a t  a n  a t y p i c a l  t h i n g  f o r  it t o  do? - 

DR. STONE: No, 

QUESTION: What d e f i n e s  zero -- 
DR. STONE: W e l l ,  System 3, as I s a i d ,  i t ' s  a coordi 

ite system which ro t a t e s  w i t h  t h e  m a g n e t i c  f i e l d  a n d ,  

'esumably, t h e r e f o r e ,  i s  an  i m p o r t a n t  system t i e d  deepe r  i n  

le atmosphere,  and I d o n ' t  recall e x a c t l y  where System 3 of 

xo is. 
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I t  i s  n o t  unusual f o r  t h e  g r e a t  red spot t o  d r i f t ,  

n o ,  and I guess  I should po in t  o u t  that t h e  d i s c u s s i o n  which 

I gave was r e a l l y  information I g o t  from R i t a  Beebe 

on t h e  Imaging Team, 

who is 

I can g i v e  you some numbers h e r e .  The g r e a t  red G 2 o t  

is d r i f t i n g  a t  about  2.6 degrees per day -- t h e s e  are Erom 

R i t a  Beebe -- t h a t  is i n  t h e  westward d i r e c t i o n ,  w h i l e  t h e  

-- f o r  i n s t a n c e ,  t h e  wh i t e  o v a l s  are moving i n  t h e  opposite 

j i r e c t i o n ,  eastward,  a t  3.51 degrees per day. 

And so, s i n c e  it h a s  been on t h e  o r d e r  of  t h r e e  t o  

Eour months between t h e  images I showed, of cour se ,  t h a t  means 

:here is some r easonab le  l o n g i t u d i n a l  s e p a r a t i o n  o f  t h o s e  

, a r t i c u l a r  f e a t u r e s .  B u t ,  no, it is  n o t  unusual  for  t h e s e  

Features t o  d r i f t  i n  System 3. 

DR. NESS: I n  f a c t ,  t h e y  are supposed t o  because 

:here  t h e  atmosphere,  t h a t  is moving r e l a t i v e  to ,  e s s e n t i a l l y ,  

:he s u r f a c e  of t h e  p l a n e t .  

ietic f i e l d  which i s  rooted to  t h e  i n t e r io r .  

,ave t o  do wi th  t h e  motion of t h e  s u r f a c e ,  as  seen  by an ob- 

e r v o r  ou t s ide .  

System 3 is d e f i n e d  by t h e  mag- 

Systems 1 and 2 

And i f  t h e  atmosphere has  any c o h e r e n t  l o n g i t u d i n a l  

z imutha l  motion, you expec t  t h e r e  t o  be a d r i f t .  

MR. MC ROBERTS: Someone else -- Larry Soderblom 

a n t s  t o  a n s w e r  t h a t  ques t ion ,  
1, 

L a r r y ?  .! .-, 
/I 
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DR. SODERBLOM: Is t h i s  what y o u ' r e  r e f e r r i n g  to ,  

John? 

That's an  ar t i fact .  This  is an  albedo boundary from 

the  b r i g h t  r eg ion  and dark r eg ion ,  and the computer has f i l t e r e  

t h i s  t o  t r y  t o  remove t h e  r e g i o n a l  v a r i a t i o n s  t o  b r i n g  o u t  t h e  

l e ta i l .  

R e m e m b e r ,  Mariner 9 p i c t u r e s  of t h e  sou th  p o l a r  cap  

lad more f i l t e r  a long  t h e  i c e  produced a black-white boundary. 

[t's e x a c t l y  t he  same process .  

But one t h i n g  I did want t o  mention r a t h e r  b r i e f l y ,  

:hese l a y e r s ,  see t h e  m u l t i p l e  layers , ,  and off of the escarpmm 

'ou see o u t l i n e r s ,  isolated pa tches  of t h e  material t h a t  are at 

:he same l e v e l  as t h e s e  s c a r p s  b u t  de tached  from them. 

The on ly  process t h a t  w e  can  t h i n k  of t o  create I 
his is  some s o r t  of s t r i p p i n g  p r o c e s s  t h a t  s t r i p s  t h e  surface. 

a d  t h e  o n l y  p l a c e  t h a t  t h e s e  p a r t i c u l a r  k i n d s  of e r o s i o n a l  

lscarpments occur  i n  t h i s ,  so f a r ,  i s  n e a r  t h e  s o u t h  p o l e .  

And, as a matter of f a c t ,  remember when t h e  a u r o r a l  

mage po in ted  o u t  t h e  series of p e c u l i a r  looking  t h i n g s  n e a r  

he s o u t h  p o l e  a t  one t i m e .  These are they .  And perhaps  some 

o r t  of a p o l a r  d e p o s i t ,  a p o l a r  v a u l t  deposit would be t h e  

o s t  l i k e l y  e x p l a n a t i o n  for t h e  e r o s i o n  q u e s t i o n .  

QUESTION: I n  the s t r a i g h t  stride f u r t h e r  up t h e  

i c t u r e ,  are they  a l l  p o s i t i v e  -- 
DR. SODERBLOM: These k i n d s  of t h i n g s  are p o t e n t i a l  
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f r a c t u r e s  t h a t  c u t  down through. As a matter of fact, here 

I 

is a f e a t u r e  t h a t  i s  very common; i n  t e c t o n i c s  i t ' s  called 

a "graven", and it's due t o  t h e  surface t r y i n g  t o  increase i t s  

total area. 

80 wedge-ahaped fault blocks develop i n  order t o  a l l a w  t h e  

surface to  expand. 

I n  othen words, the s u r f a c e  is be ing  t o r n  a p a r t ,  

MR. MC ROBERTS: Okay. Are there any other q u e s t i o n  

( N o  response.  ) 

MR. MC ROBERTS: N o  other queortians. John, Why 

lon ' t  you g e t  him afterwards. 

)ne that's lef t .  

I t h i n k  you're abou t  the on ly  

We will end t h e  press confe rence  now. 

Thank you very much. 

(Whereupon, a t  12:OO noon, t h e  NASA new8 conference 

n t h e  Voyager 2 - J u p i t e r  encounter  was concluded.)  
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