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/ . DR. PImRING:  The purpose o ' i  t h i s  N e w s  

conference  i s  t o  p r e s e n t  t o  you t h e  first look  a t  t h e  

s c i e n t i f i c  data which w a s  t aken  as we went a c r o s s  t he  

p l a n e t  yes t e rday ,  and we  have w i t h  u s  t he  e x p e r i a e n t e r s  

w i t h  the except ion  of t h e  o c c u l t a t i o n  experiment .  The 

experimentor  f o r  tha t  p a r t i c u l a r  experiment  i s  s t i l l  

aoncerned w i t h  t h e  a n a l y s i s  of t h e  data and have no th ing  

t o  p re ren t  a t  t h i 6  time. 

Before  going i n t o  t h e  oonferenoe p rope r ,  I 

am sure t h a t  a l l  of you wauld l i k e  t o  know where w e  s t a n d  on 

the photography, and I would j u s t  l i k e  t o  make a few remarks 

about  t ha t .  

Yeeterday evening ,  as you know, there  w a s  

some concern as t o  whether o r  n o t  the  t a p e  r e c o r d e r  had 

opera ted  p rope r ly .  W e ,  of  cour se ,  do n o t  have a complete  

answer on t h i s .  W e  won' t  know f o r  t e n  days .  We have t o  

w a i t  u n t i l  a l l  t h e  p i c t u r e s  have been p l ayed  back, which 

w i l l  take t e n  days.  However, at  t h i s  t ime,  w e  b e l i e v e  t ha t  

the t ape  r e c o r d e r  d i d  o p e r a t e  p r o p e r l y  and t h a t  t h e  data 

f o r  all 20 p i c t u r e e  w i l l  be there as expec ted .  

A t  t h e  p r e s e n t  time, data is  be ing  

r ece ived  from t h e  f irst  p i c t u r e  and I guese  w e  are about  

ha l f  way th rough t h a t  f i r e t  p i c t u r e .  I t  i s  an eight-hour  

p i o t u r e ,  i t  i s  a long drawn o u t  process, and w e  j u s t  have 

t o  have p a t i e n c e  be fo re  any p i c t u r e s  are comple ted ,  b u t  I 

w i l l  comment t h a t  a t  t h i s  t i m e  t h e  data i s  be ing  r ece ived .  
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I t  looks  v e r y  s a t i s f a c t o r y ,  and we are q u i t e  s u r e  t h a t  w e  

have p i c t u r e s  of mure tsken i r m  t h e  Mariner. 

Now, as far as the o t h e r  exper iments  a r e  

conoerned, I would i i k e  t o  i n t r o d u c e  t o  you first at  t h e  

r i g h t  hand c l o s e s t  t o  me a t  t h e  t ab le  P r o f e s s o r  Davis 

of C a l  Tech, who i s  the  p r i n c i p a l  i n v e s t i g a t o r  on t he  

magnetometer experiment.  

on t h i s  experiment  as co-experimentore, are D r .  Smith Of 

JPL, Mr. Coleman of U.C.L.A, and D r .  Jones  of Brigham 

Young U n i v e r s i t y .  

I n  a d d i t i o n  t o  P r o f e s s o r  Davis,  

Next, i s  P r o f e s s o r  Bridge of  MIT, and h i s  

experiment i s  t h e  s o l a r  plasma probe. A s s i s t i n g  D r ,  Bridge 

i s  D r .  Lazarus  of MIT, and Dr. Snyder of JPL, 

Next, P r o f e s s o r  Simpson of Chicago, t h e  

cosmic r a y  t e l e s c o p e ,  A s s i s t i n g  D r .  Simpson is  D r .  

0 ’  G a l l q h e r o f  t h e  U n i v e r s i t y  of Chicago. 

Then, Hugh Anderson of JPL, w i t h  t h e  

i o n i z a t i o n  chamber experiment.  The p r i n c i p a l  i n v e s t i g a t o r  

is  D r .  Neher of C a l  Tech who, a t  t h e p r e s e n t  t i m e ,  i s  i n  

South America, and D r .  Anderson is a s s i s t i n g  h i a  from JPL, 

Then, D r .  Van A l l e n ,  S t a t e  U n i v e r s i t y  of 

Iowa, w i t h  t he  Trapped Rad ia t ion  D e t e c t o r ,  assisted by 

D r .  Frank and M r .  Krimigis o f  t h e  S t a t e  U n i v e r s i t y  of Iowa. 

F i n a l l y , M r ,  Alexander 09 %he 208 i~ fc  D??at 

Detec to r .  Mr, Alexander, from Goddard Space F l i g h t  Cen te r  

is a s e i s t e d  by M r .  Berg, M r ,  McCracken and M r .  S e c r e t a n ,  
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a l l  of Goddard, and D r .  Bohn of Temple U n i v e r s i t y .  

Now, I would l i k e  t o  a sk  these gentlemen t o  

each i n  t u r n  make whatever comments he f e e l s  a p p r o p r i a t e  

a t  t h i s  t i ne ,  bea r ing  i n  mind tha t  t h i s  data has been 

s t u d i e d  f o r  a r e l a t i v e l y  few hours ,  and I am q u i t e  sure 

t h a t  f u r t h e r  s tudy  of t h e  data i s  going t o  undoubtedly leaG 

t o  f u r t h e r  r e s u l t s ,  as I am s u r e  a l l  of them w i l l  t e l l  you, 

bu t  at l eas t  we uan have a f irst  look a t  i t  a8 t o  what 

we t h i n k  now about  t h e  data which has been t aken ,  and I 

t h i n k  we w i l l  start then  w i t h  L e v e r e t t  Davis ,  s ince you 

are at  t h e  r i g h t  hand, then.  

A l l  r i g h t ,  Mr. Alexander.  

MR. ALEXANDER: Than5 you v e r y  much, Dr. P i c k e r i n g .  

On t h e  Cosmiu Dust Experiment ,  I w i l l  make 

s e v e r a l  summary s t a t emen t s .  

To start  w i t h ,  in terms of y e s t e r d a y ' s  c l o s e  

approach t o  t h e  p l ane t  Mars, there  is  no evidence of any 

i n t e n s e  b e l t  or uonoen t ra t ion  of d u s t  p a r t i c l e s .  

Now, I emphasize i n t e n s e  c o n c e n t r a t i o n  

because t h e  $ l y  by, thetime of t h e  measurement, i s  q u i t e  

s h o r t  f o r  cosmic d u e t ,  and i f  there  is a c o n o e n t r a t i o n  of 

a f a o t o r  of 100 olose t o  Mars, w i t h i n  one Mars radi i ,  for  

i n s t a n c e ,  t h i s  type of t h i n g ,  w e  would n o t  have 88811 it. 

So, t h e  major p o i n t  on t h e  enuounter  

measurement y e s t e r d a y  I 6  t h a t  there  is not an intense or 

abnormal c o n c e n t r a t i o n  near Mars. 
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I do t h i n k  t h a t  it i s  i n  order  t o  make a 

eozp l t  si sore remarks concerning the measurement i n  t h a t  

t h i s  experiment  i s  a l i t t l e  b i t  unique i n  t h e  sense t h a t  

we a c t u a l l y  enoountered t h e  i n f l u e n c e  of t h e  heavy body of 

Mar8 40 t o  60 day8 p r i o r  t o  t h e  actual Mar t ian  enoounter ,  

and I can demonstrate  t h i s  very q u i c k l y  f o r  you w i t h  t he  

s l i d e  t h a t  we w i l l  show a t  t h i s  t ine .  

DR. PICKERING: Could we have the  l i g h t s  o u t  and 

then  the first s l i d e ,  p l e a s e .  

( S l i d e  shown) 

MFt. ALEXANDER: What w e  a r e  d e p i a t i n g  here i s  a 

h is togram o f  the number of i n p a o t s  grouped i n  p e r i o d s  of 

15 days throughout  the  t r i p ,  Now, i t  i e  s imply t h e  number 

of impacts ,  n o t  t h e  s i z e  of the  p a r t i c l e s ,  t h i s  s o r t  of 

t h i n g ,  

Now, th i s  d a t a  was as we l e f t  E a r t h  f o r  t he  

first SO days  and then  an i n o r e a s e  s tar ted,  and t h i s  

i n c r e a s e ,  a s  you see, peaks a t  t h i s  p o i n t  and a decrease 

started. Now, when one l o o k s 3  the  d is tance  of t h e  spacecraf 

from the  Sun o r  p a s t  t he  o r b i t  of E a r t h ,  w e  f i n d  t h a t  we 

had moved two-tenths  of an as t ronomica l  u n i t  when t h i s  

i n u r e a s e  s tar ted,  t h e  a s t ronomica l  u n i t  be ing  t h e  d i s t a n c e  

from the  Sun t o  t h e  E a r t h .  A t  t h i s  p o i n t ,  w e  were two-tenths 

of an a s t r o n o a i c a i  u n i t  awiiiy aiid then ?he increase started.  

The i n c r e a s e  cont inued  i n  t h i s  p e r i o d  here. 

Now, i t  t u r n s  o u t  t h a t  t h i s  i s  a p p r o x i n a t e l y  
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ano the r  two-tenths of an a s t ronomica l  u n i t ,  and a l s o ,  i t  i s  

t h e  p o i n t  of M a r s t a l o s e s t  approach,  o u r  p e r i h e l i o n  i n  i t 's  

o r b i t  and i f  Mars had been a t  p e r i h e l i o n  a t  t h i s  p o i n t  w e  

would have had a close approach t o  Mars, b u t  the major t h i n g  

i s  tha t  t h i s  is t h e  p o i n t  where the Mar8 o r b i t  p e r i h e l i o n  

exicots and a decrease s t a r t ed ,  and t h i s  deoreaaa has oon t inue  

though I t  looks  l i k e  w e  are l e v e l l i n g  o u t  except  for t h i s  one 

i n a r e n e n t  a t  about  1.5 au .  

Now, when I say  we encountered  Mars -- oould 

we have t h e  slide j u s t  a l i t t l e  l o n g e r ,  p l e a s e  -- 
DR. PICKERING: Looks l i k e  a b u l b  burned o u t .  

MR. ALEXANDER: T h i s  d i s t a n c e  of 1.4 au a t  Mars 

p e r i h e l i o n  is the  p o i n t  t h a t  we feel  very probably t h a t  we 

have started t o  see major perturbation by a large body of 

i n t e r p l a n e t a r y  d u s t  and t h i s  perturbation has con t inued  

whi le  we e x i s t e d  i n  d i s t a n c e  from t h e  Sun w i t h i n  t h e  

i n f l u e n c e  of t h e  Mars ma8s. T h i s  low rate f o r  the f irst  

90 days appears t o  be the  i n d i c a t i o n  of t h e  i n f l u e n c e  of 

E a r t h ,  which i s  the o t h e r  large body, and t h e  d i e t a n o e  in 

here, t h i s  d i s t r i b u t i o n  i s  mainly ou t  of the r e e a h  of these 

two l a r g e  bod ies .  

So, i n  our exper iment ,  we say maybe we 

mmountered Mars from t h i s  p o i n t  on in terms of i n f l u e n c e  

of the data, and t h e  o t h e r  i n t e r e s t i n g  t h i n g  whioh I want 

t o  show on t h e  s l i de  i s  t h a t  the s i z e  d i s t r i b u t i o n  Of 

P a r t i O l e S  a l s o  show a ahange i n  these three group ings ,  the 
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s i z e  d i s t r i b u t i o n  here and t h e  t u r n  o u t  of the  sfso 

dis tr ibqt ion  w i t h i n  t h e  Mars o r b i t  are v e r y  n e a r l y  the 

same. The s i z e  d i s t r i b u t i o n  between Point 2 and P o i n t  4 

as t ronomica l  u n i t s  away from t h e  Ea r th ' a  o r b i t  i r  markedly 

d i f f e r e n t ,  so t h a t  t he  i n f l u e n c e  of t he  two large bod ies  

appears  t o  be q u i t e  ev iden t  from t h i s  measurement, and t h i s  

is  the  way we summarize ou r  data a t  the Moment, t h a t  the 

large b o d i e s  make a a a j o r  perturbation on t h e  f l u x  and t h e  

s i z e  d i s t r i b u t i o n  of these very m a l l  oosmio d u s t  par t ic les ,  

Thank you. 

DR. PICKEBING: Thank you v e r y  much, Mr. Alexander. 

Now, Dr. Van Allen,  please; I would l i k e  8 0 ~ 8  

comments from you. 

DR. VAN ALLEN: I w i l l  g i v e  the i n t r o d u c t i o n  and 

summary . 
F i r s t ,  a a t u a l l y ,  t he  p r i n o i p a l  purpose -- 

I w i l l  g i v e  b o t h  t h e  i n t r o d u o t i o n  and the  suumdry of ou r  

r e s u l t s  first,  

The p r i n c i p a l  purpose of t he  U n i v e r s i t y  of 

Iowa experiment  was t o  searoh  f o r  a Mart ian r a d i a t i o n  b e l t ,  

something g e n e r a l l y  analogous t o  t h a t  of t h e  E a r t h ,  and i n  

a d d i t i o n  t o  t h a t ,  w e  have been engaged in a s tudy  throughout  

t h e  f l y  p e r i o d  of Mariner IV of t h e  e l e c t r o n s  and p r o t o n s  

whiuh are enoounfered i n  intsrplenetary ggace due t o  emiss ion  

from t h e  Sun, impuls ive  emiaeion from t h e  Sun. 

Now, both of t h o s e  o b j e u t i v e s  have been 
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successful. The a p p a r a t u s  w a s  t u rned  on b e f o r e  launch 

on t h e  28th  of November and has  ope ra t ed  oon t inuous ly  and 

p rope r ly  throughout  t h i s  p e r i o d ,  i n c l u d i n g  t h e  enoounter  

p e r i o d  and i a  s t i l l  working as of e a r l y  t h i s  morning. 

Now, we have o b t a i n e d  completely n e g a t i v e  

r e s u l t s  i n  t h e  t r a v e r s a l  p a s t  Mars i n s o f a r  as d s t e o t i o n  Of 

any chargedparticles a s s o c i a t e d  w i t h  t he  p l a n e t .  

Now, dur ing  some seven and a ha l f  months of 

i n t e r p l a n e t a r y  f l i g h t ,  we have observed about  12 s m i s s i o n s  

even t s  from t h e  Sun, s p e c i a l  par t ic les  emiss ion  e v e n t s ,  and 

are i n  t h e  p r o c e s s  of s tudy ing  each one of t h o s e  i n  d e t a i l .  

Now, t h i s  experiment is a similar one t o  t h e  

one we f lew i n  o u r  p a r t i u i p a t i o n  i n  the Mariner  I1 f l y  by of 

Venus i n  December, 1962, and the  i n t e r p l a n e t a r y  resu l t s  are 

g e n e r a l l y  rather similar t o  t h o s e  ob ta ined  d u r i n g  t h e  lasf 

months of 1862. 

Now, I would like t o  show a firart s l i d e  and 

there may be some confus ion  about  o r d e r  there ,  t h e  f i rs t  

s l i d e  I have is  a uo lo r  photograph of a p i e o e  of appa ra tus .  

( S l i d e  shown) 

Thank you. 

T h i s  s l i d e  shows a p i c t u r e  of t he  Trapped 

Radia t ion  De teu to r  package. You can see the, r u l e r  has a 

d i r e n s i d n  'of s ix  inohes  there  and t h a t  g i v e s  m e  an idea 

of t h e  scale. The t o t a l  package weighs 2.2 pounds and draws 

about  a t h i r d  of a w a t t  of power from t h e  spacecraft system. 
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There is a system of four particles deteotors here. There 

are three V U ~ ~ C I A  - >  --- +-hna yuuyI hnvi - _ - _ _  ng thin windows and peering out 

through thoee cylindrical shaped projections from the box, 

They a r e  able to deteot eleotrons whose energy exceeds about 

40 kilovolts, and protons whose energy exceeds about 500 

kilovolts. The one detector on the far left is a solid state 

deteotor which is sensitive only to protons of energy, again 

about greater than about 500 kilovolts. 

Now, I won't dwell on this detail, but it is 

olear by that using combinations of the counting rate of 

these four detectors, one being first of all, that is, one 

can first of all determine whether the particles being 

counted or protons or electrons, one can get a crude idea 

of their spectral distribution, that is, their energy 

distribution and also by comparison of the forward and 

backward looking matohed pair o f  deteotore one can learn 

something about the angular distribution of their motions in 

space , 

Mow, we had this going during the outgoing 

phare through the Earth's magnetosphere, and the next slide 

shows the results obtained on the 28th- this is inter-nixed, 

I am afraid, this is going with the wrong one, I don't know - a  

DR. PICKERING: Back up, Bob. 

(Slide sirown) 

DR. VAN ALLEN: Ye8, it is on it's side, but that i 

probably workable, 
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DR. PICI(ER1NG: S t r a i g h t e n  out  t h e  f i l m ,  p l ease .  

DR. VAN ALLEN: P l o t t e d  h e r e ,  t h e n ,  a t  t h e  t o p  of 

t h e  s c a l e ,  i t  shows t h e  count ing r a t e  of t h r e e  of  t h e  d o f e e t o r  

of which -- t h e  t h r e e  e l e c t r o n  d e t e a t o r s ,  and i t  is  no t  SO 

t e r r i b l y  easy t o  s e e  i n  t h i s  p o i n t  of view, b u t  du r ing  t r t & V e r S  

of t h e  Earth 's  magnetosphere and t h e  main p o i n t  I wieh t o  O a l l  

a t t e n t i o n  t o  is t h a t  we s a w  a c l e a r  and l a r g e  e f f ec t  out t o  

about  23 times t h e  r ad ius  of t h e  Ea r th .  T h a t  was t h e  p o i n t  

at  which t h e  data then  dropped down i n t o  approximate ly  t h e  

i n t e r p l a n e t a r y  baokground. 

Next s l i d e ,  p l e a s e .  

( S l i d e  shown). 

DR. VAN ALLEN: Now, t h i s  i s  a r a t h e r  crude graph  

drawn up e a r l i e r  t h i s  morning from the  r e s u l t s  of las t  

n i g h t ' s  work on r educ t ion  of data, and t h e  upper  a l i d e  @how8 

i n  a r a t h e r  murky way, I am afraid,  t h e  r e su l t s  of t h e  

count ing ra te  o f  t h e  most s e n s t i v e  e l e a t r o n  d e t e c t o r  we have 

on board, namely, t h e  one we ca l l  De tec to r  B. 

Now, t h i a  i s  a p l o t  as a f u n c t i o n  of time 

of t h e  aount ing r a t e  ae read r i g h t  o u t  of t h e  computer dur ing  

the 00ur8e of t h e  last day 's  work, and eaoh one of t hose  

l i t t l e  blaok 6pOfS r e p r e s e n t s  t h e  oount ing  rate dur ing  a 

p a r t i o u l a r  i n t e r v a l  of t ime.  

Now, I have ahecked i n  h e r e  s o r t  of Some 

re fe rence  p o i n t  of i n t e r e s t ,  t h e  graph  beg ins  on t h e  l e f t  a t  

a very  g r e a t  d i s t a n a e  be fo re  encoun te r ,  about  250,000 

ki lometers .  Then, t h e  f irst  arrow shows s i t u a t i o n  at 
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165,000 and then  133,000 and 85,000, 37,300, and f i n a l l y  

toward the far r ight  hand side of bo th  araphs is  the  p e r i o d  

of o l o s e s t  approach t o  t h e  p l a n e t ,  i n c l u d i n g  t h e  p e r i o d  du r ing  

which it was oocu l t ed  and which no s i g n a l s  were r ece ived .  

Now, I t h i n k  you can see h e r e  t h a t  there  is no 

dectectable e f fec t  whatever.  The f l u c t a t i o n  i n  t h o s e  p o i n t s  

i s  e n t i r e l y  due t o  the  fact  t h a t  we are count ing  a f a i r l y  

small number of coun t s  du r ing  each coun t ing  of sample and 

those are e n t i r e l y  due t o  s t a t i s t i c a l  f l u c t u a t i o n .  The 

average  oount ing  ra te  dur ing  t h i s  p e r i o d  is v i r t u a l l y  l d e n t i o a  

t o  what i t  has  been f o r  many weeks of f l i g h t  i n  i n t e r p l a n e t a r y  

spaoe ,  so t h a t  w e  are able t o  say t h a t  there  w a s  no e f fec t  of 

the p l a n e t  exoeeding one-tenth of a oount  p e r  eeuond. 

Now, i n  t h e  lower s l i de  is  shown a n o t h e r  

i n t e r e s t i n g  -- J u s t  t he  lowerpanel of the p r e v i o u s l y  shown 

s l ide .  In t h e  lower pane l  i s  shown t h e  r e s u l t s  o f  t h e  p ro ton  

d e t e c t o r  and I hope you uan make out there  the  low average  

rate on the  l e f t  and then  a t  about 1500 u t ,  y e s t e r d a y ,  w e  

observed an i n o r e a s e  i n  count ing rate.  T h i s  i n o r e a s e  

s ta r fed  a t  about  165,000 k i lome te r s  b e f o r e  approauh t o  t h e  

p l a n e t  . 
Now, t h i s  ino rease  i n  p r o t o n s ,  these are 

d e f i n i t e l y  i d e n t i f i e d  as protons.  They are an ext remely  

u n l i k e l y  oomponent of the outer  iriiiger of radia.flon belt. 

The g e n e r a l  run  of t h e  ourve  i s  as fo l lows :  It star ted about  

1500. I t  is oont inued  f o r  wel l  over  a dag and the de ta i led  
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f e a t u r e s  of t h e  curve seem t o  h a 8  no r e f e r e n c e  whatever 

t o  approach t o  t h e  p l a n e t .  Fur thermore ,  t h i s  event  is r a t h e r  

similar i n  g e n e r a l  c h a r a c t e r  of t h e  spectrum of t h e  p a r t i c l e s  

is a i n i l a r ,  t h e  gene ra l  time h i s t o r y  i s  siailar,  t o  some 13 

events  we have observed dur ing  t h e  p a s t  seven and a h a l f  

month8 i n  i n t e r p l a n e t a r y  space very  remote from any body. 

So, ne b e l i e v e  t h i s  r e s u l t  he re  i a  e n t i r e l y  

and i n  dense l i g h t  emi r s ion  of p a r t i o l e s  from the  Sun and 

ha6 no r e fe renoe  whatever t o  t h e  passage by t h e  p l a n e t .  

Now, I t h i n k  t h e  g e n e r a l  frame, of r e f e r e n d e  

here i s  then t h a t  on t h e  d e t e o t o r s ,  most sensitive t o  t h e  

e f f e o t  of a r a d i a t i o n  b e l t  of a p l a n e t  aa shown by t h e  

t r a v e r s a l  o f  t h e  Ear th ' s  nagnetosphere ,  and as we know very 

w e l l  from o t h e r  oons ide ra t iona  and a l a r g e  number of 

experiments n e a r  t h e  E a r t h ,  t h a t  d e t e c t o r  showed a b s o l u t e l y  

e f f e c t .  

n 

Now, it  is a good ques t ion  as t o  whether ,  why 

and what one would expect  r a d i a t i o n  be l t s  around Mars, I 

would l i k e  t o  p o i n t  out  t h e  fo l lowing  g e n e r a l  frame of 

d iscuss ion  about  t h a t .  

F i r s t  of a l l ,  t h e  E a r t h  i s  known t o  have a 

r a d i a t i o n  b e l t ,  t h a t  i s ,  a body of  t r apped  p a r t i c l e s  i n  i t ' s  

e x t e r n a l  magnetic f i e l d .  J u p i t e r ,  w h i u h  i s  about  f i v e  times 

as far from t h e  Sun as i s  t h e  E a r t h ,  has  an immentae r a d i a t i o n  

b e l t  am determined by i n d i r e c t  measurements from i t ' s  rad io  

n o i s e  spectrum. 
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Now, Mars l i e s  a t  an  i n t e r m e d i a t e  d i s t a n c e  

from t h e  Sun, namely, between the  E a r t h  and Zupitesr. 

a lmost  c e r t a i n l y  exposed t o  the  same general a s t r o p h y a i o a l  

c o n d i t i o n s  as are Mars and J u p i t e r ,  and namely, the passage  

of t he  s o l a r  wind p a s t  the  p l a n e t .  T h e r e f o r e ,  i t  is  p l a u s i b l e  

I f  is 

t o  t h i n k  t h a t  i t  s h a r e s  t h e  same basic a s t r o p h y s i c a l  

c i rcumstances  as does t h e  E a r t h  and does J u p i t e r .  

Furthermore,  Mars has a p e r i o d  of about  24 

hours  as i s  well known, similar  t o  t h a t  of t h e  E a r t h .  I t  

has ,  howeveT only  about  one-tenth of t he  mass and t h i s  is 

the  p r i n c i p a l  q u e s t i o n  of an i n t e r n a l  s t r u o t u r e  character them 

as t o  whether Mars h a s  the  i n t e r n a l  c h a r a o t e r i s t i o a  

a p p r o p r i a t e  t o  being  magnetized body,and t h e r e f o r e ,  be ing  

capab le  of c o n t r i b u t i n g  charged par t ic les  i n  i t ' s  environment.  

So,  t h e  on ly  ques t ion  w e  f ee l  t o  be s e t t l e d  

by the  d i r e o t  experiment  is simply whether b r s  i s  o r  i s  n o t  

magnetized, because g iven  a magnetic movement comparable t o  

t h e  E a r t h ,  i t  seems o e r t a i n  t h a t  i t  would have t r apped  

p a r t i c l e e  i n  i t  ' 8  vicinity. 

( S l i d e  shown) 

The n e x t  s l i d e  shows t h e  framework o f  more 

de t a i l ed  i n t e r p r e t a t i o n .  This i s  an a n a l y t i c a l  g raph  which 

we made up a oouple  of months ago t o  t r y  t o  assess the  

s e n s i t i v i t y  of o u r  experiment f o r  t h i s  purpose.  

N o w ,  t h e  two curved l i n e s  t o  the  l e f t  l i e s  

the  Sun i n  t h i s  graph and Mars i e  t h a t  l i t t l e  s p o t  about  a 
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l i t t l e  t o  the  l e f t  of a e n t e r  a t  t h e  t o p  of t h e  s l ide .  Now, 

on t h i s  we p l o t t e d  two curved l i n e s  s t a r t i n g  from t h e  upper 

l e f t  and bending downwards a c r o s s  t h e  c e n t e r  of t h e  s l i d e .  

The i n n e r  one of t hose  two r e p r e s e n t s  t h e  boundary of d u r a b l e  

trapping r e g i o n  of t h e  E a r t h  on a Boale a p p r o p r i a t e  t o  the  

Ear th .  Then, t h e  o u t e r  one, t h e  curved l i n e s ,  r e p r e s e n t  

bo th  t h e  t h e o r e t i c a l  and exper imenta l  a o n f i g u r a t i o n  of t h e  

shock wave around t h e  E a r t h  which i s  now v e r y  wel l  known b o t h  

o b s e r v a t i o n a l  and t h e o r e t i c a l l y  . 
Now, we have p l o t t e d  then  t h e  t r a j e c t o r y  

of Mariner I V  on t h i s  s o r t  of a graph i n  p o l a r  o o o r d i n a t e s  

and t h e r e  are f o u r  d i f f e r e n t  ourves ,  you see, one t h a t  s tarts 

st t h e  lower l e f t  and passes n e a r e s t  t h e  p l a n e t  and then  

bends away t o  t h e  r i g h t .  

Now, t h a t  i s  tbe one t h a t  r e p r e s e n t s  t h e  

t r a j e o t o r y  of Mariner  I V  i n  t r u e  scale and that  is t h e  one 

whioh cor responds  t o  passage  by Mars if i t  had a magnetio 

moment wpal  t o  t h a t  of  t h e  Earth.  

Now, t h e  n e x t  one down i s  u s i n g  the  p h y s i a a l  

s i m i l i t u d e  s o a l l n g  l a w  which i s  i n  r e f e r e n c e  t o  diecuSSing 

fhe Venue rersults a couple  of year8  ago and shows what t h e  

ourve would look  l i k e  scaled o u t  t o  co r re spond  t o  a magnet ic  

Qoment of one-tenths  of t h a t  of t h e  E a r t h ,  Then, t he  o t h e r  

two are cor reeponding  t o  one one-hundredths and one On*- 

thousandths ,  and f i n a l l y ,  t h i s  b l ack  s p o t  i n  t h e  lower p a r t  

Of the  s l i d e  shows t h e  d i r e o t  Mar iner  IV boundary Of t h e  
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E a r t h ' s  magnetosphere as observed on t h e  28th of November, 

A Q O Y  f s l l .  1 na+ 

Now, from t h i s  s o r t  of a graph ,  you can see 

t h a t  you can then judge from t h e  r e s u l t o  whatever t hey  might 

have been which magnetic moment would be t h e  most r e a s o n a b l e  

t o  a s s i g n  i n  the  most rudimentary sense. 

Now, the  fact t h a t  w e  have completely n e g a t i v e  

resu l t s  on t h e  t r a v e r s a l  means then  t o  us t h a t  w e  can 

e s s e n t i a l l y  p i c k  the  answer o f f  t h i s  a e t  of graph8 and it  i s  

q u i t e  clear t h a t  t h e  a a g n e t i c  moment of  Mars, then ,  g r a n t i n g  

t h e  v a l i d i t y  of t h i s  p h y s i c a l  s c a l i n g  m u s t  b.e less t h a n  one 

one thousandth  of t h a t  of t h e  Ea r th ,  so t h a t  I would s a y  

t h e  p r i n c i p a l  i n t e r p r e t a t i v e  r e s u l t s  a t  t h e  p r e s e n t  moment 

is t h e  magnet ic  moment is less than  one-thousandah of t h e  

Ear th .  That i s  t o  say, l e a s  than one-tenth of one percen t .  

Now, a n o t h e r  way t o  p u t  the r e s u l t  i s  tha t  

since we observed an i n c r e a s e d  oount ing rate of l e s s  than 

one- ten th  of a count p e r  second on o u r  d e t e c t o r ,  w e  would 

have observed a oount ing  rate of between a hundred thousand 

and a m i l l i o n  i f  we had gone by the E a r t h .  

So, the  a c t u a l  i n t e n s i t y  of t h e  p a r t i c l e s  on 

t h e  same t r a j e c t o r y  p a s t  t h e  E a r t h  would have g iven  us about  

a m i l l i o n  times as large an effect .  However, t h a t  is n o t  

p h y s i c a l l y  as s i g n i i i c a n t  us $he first atmaerg I m d e ;  namely, 

t h a t  it i s  leso t han  a t e n t h  of a p e r o e n t  of t h a t  o f  the E a r t t  

Now, t h i s  means t h a t  the surface f i e l d  at  Mars 
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i s  less than  200 gammas o r  less  thaniPOth of t h a t  on t h e  

s u r f a c e  of t h e  E a r t h ,  and i t  has, I b e l i e v e ,  a number of q u i t e  

i n t e r e s t i n g  i m p l i c a t i o n s  w i t h  regard t o  t h e  i n t e r n a l  s t r u c t u r e  

of Mars. I t  a l s o  f i g u r e s  i n  now i n  r easonab le  q u a n t i t a t i v e  

d i souse ions  of t h e  r a d i a t i o n  environment on the surface Of 

Mars by use of t he  knowledge which w e  have of t h e  i n t e r -  

p l a n e t a r y  r a d i a t i o n s  from o t h e r  means measured n e a r  t h e  

Ea r th ,  and f i n a l l y ,  I would l i k e  t o  say  i f  there are any 

Mar t ian  men, I a m  f a i r l y  c e r t a i n  they  do n o t  use compass 

n e e d l e s  w i t h  any e f f e o t i v e n e s s ,  u n l e s s  t h e y  have ex t r eme ly  

good b e a r i n g s  . 
MR, COLELLA: Thank you, D r .  Van Allen.  

Next, D r .  Hugh Anderson, Assoc ia t e  P r o j e o t  

S o i e n t i s t  f o r  Mariner  IV and a l s o  an i n v e s t i g a t o r  f o r  t he  

i o n i z a t i o n  ahamber experiment .  

D r .  Anderson. 

DR, ANDERSON: I w i l l  speak  v e r y  b r i e f l y  abou t  t h e  

I o n i z a t i o n  Chaaber Experiment. 

T h i s  d e v i c e  was c o n s t r u c t e d  j o i n t l y  by P r o f .  

Neher of C a l  Tech and myself and w a s  des igned  t o  measure 

t h e  spatial v a r i a t i o n  of g a l a c t i c  cosmic r a y s  as t h e  

spacecraft moved o u t  from t h e  E a r t h  t o  one a u  a t  Mars, and 

a l s o  t o  measure t h e  f l u x  of r e l a t i v e l y  energetic r a d i a t i o n  

p r e s e n t  around Mars, i f  any s h o u l d  prove t o  be there.  

T h i s  ins t rument  operated e a t i s f a o t o r i l y  f o r  

approximately t h ree  non ths  af ter  the  s p a c e c r a f t  w a s  launched 
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and a large amount of data on t h e  n e a r  E a r t h  environment and 

i? i n t e r p l a n e t a r y  space dur ing  t h a t  time w a s  o b t a i n e d ,  and 

some of these r e s u l t s  were r e p o r t e d  i n  Washington on A p r i l  

l a t h ,  I b e l i e v e  i t  was, both t o  t he  Amerioan Geophysioal  

Union and also t o  a p r e s s  meeting a t  t h a t  time. 

S i n c e  March, t h e  in s t rumen t  has n o t  been 

sending back data due t o  a fa i lure  i n  one of t he  components, 

and t h e r e f o r e ,  we have no data from t h e  i o n  chamber experimen 

i n  the v i c i n i t y  of  Mars. 

I t h i n k  t h a t  s i n c e  t h i s  is t h e  s u b j e o t  o t  

t o d a y ' s  meet ing,  I w i l l  leave it  a t  t h a t  and n o t  go i n t o  any 

f u r t h e r  detai ls  on t h a t  i n s t rumen t .  

MEt. COLELLA: Thank you, D r .  Anderson. 

Next, D r .  Simpson of t h e  U n i v e r s i t y  of Chicago 

P r i n o i p a l  I n v e s t i g a t o r  f o r  t h e  Cosmic Ray Telescope.  

D r .  Simpson. 

DR. SIMPSON: The U n i v e r s i t y  of Chicago experiments  

are  d i v i d e d  i n t o  two p o r t i o n s .  The in s t rumen t  i n  i n t e r p l a n e t  

space is devoted  t o  t h e  o b j e c t i v e s  o f ,  one,  s e a r c h i n g  f o r  

a g r a d i a n t  or a change of i n t e n s i t y  as one moves away from 

the  Sun f o r  t h e  p a r t i c l e s  coming from the g a l a x y ,  t h e  

i m p l i c a t i o n s  of t h i s  being t h a t  one i s  able t o  unders tand  

v e r y  l a r g e  scale f i e l d s  sur rounding  the s o l a r  system. These 

were d i soussed  at the  ~mferenc:: ir: Yashington and the  

p r o g r e s s  of Mariner  t o  the  p l a n e t  has made it  p o s s i b l e  t o  s t u  

t h i s  phenoaenon o u t  t o  one and a h a l f  a s t ronomica l  u n i t s .  

Y 
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The o t h e r  i n t e r p l a n e t a r y  o b j e u t i v e  was t h a t  of 

ana lyz ing  the  pro ton  and a l p h a  pa r t i c l e  c o n t r i b u t i o n s  from 

s o l a r  o u t b u r s t s  which produced e n e r g e t i c  p a t t i c l e s  and t o  

s tudy  t h e i r  propogat ion i n t o  i n t e r p l a n e t a r y  spaoe and t o  

compare these resul ts  w i t h  t h e  Ear th  s a t e l l i t e  measurements 

which were going on s imul taneous ly .  

But ,  a t  t h e  p l a n e t ,  the  main purpose of t h e  

experiment i s  t o  search f o r  t r apped  r a d i a t i o n ,  and i n  o r d e r  

t o  i n c r e a s e  t h e  dynamic range  and response  of t h e  in s t rumen t ,  

t h e  ins t rument  goes i n t o  what w e  c a l l  a Mars enoounter  mode 

adding a count ing  ra te  word t o  t h e  data. The s p a c e c r a f t  

worked 8 0  p e r f e o t l y  t h a t  indeed  t h i s  w a s  added t o  o u r  incornin@ 

data and you w i l l  see it  i n  one of the  s l ides .  

Now, i n  approaching t h i s  q u e s t i n n  of any 

t rapped  r a d i a t i o n  a t  t h e  p l a n e t ,  as P r o f .  Van Al len  has 

poinfed O u t ,  the  ques t ion  immediately arises as to what i s  

t h e  magnetic f i e l d  t h a t  can oon ta in  these  par t ic les ,  so one 

i s  led  t o  c o n s t r u c t i n g  models. We have no way of knowing 

what assumed d i r e o t i o n  any presumed f i e l d  of Mars might 

have. 

shall  we say, t h e  l i t t l e  i n t e r n a l  magnet of a p l a n e t  should  

be a l i g n e d  along t he  r o t a t i o n a l  axis, b u t  t h e  o t h e r  

poss ib l e  s o l u t i o n s  are rather  compl iua ted  and as i t  t u r n s  

o u t  do n o t  change dramatical ly  t h e  r e s u l t s  which a r e  ob ta ined  

and so, one t hen  looks at  t h e  q u e s t i n n  of what  are t h e  orders  

of magnitude of t h e  magnet ic  moments t h a t  are a l lowed by t h e  

There i s  no reason  why a d i p o l e  should  be a l i g n e d  Or, 

I p l a n e t  r e l a t i v e  t o  the  l o c a t i o n s  for s i g n i f i o a n t  and 
I 
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characterist ic r a d i a t i o n  effects i n  t h e  v i o i n i t y  of the 

pl=:ne.t. 

Now, w e  a i g h t  o a l l  these e i g n a t u r e s .  As you 

undoubtedly know, w i t h  t h e  s o l a r  wind blowing on the  n a g n e t i o  

f i e l d  of  a p l a n e t ,  you first  of a l l  encounter  a bow shook 

wave which t ra i lo  out  from t h e  p l a n e t  on e i t h e r  s i d e  of t he  

Sun p l a n e t  l i n e .  Then, there  i s  an i n t e r m e d i a t e  r e g i o n  of 

what we cal l  might t u rbu lence ,  a t r a n s i t i o n  r e g i o n ,  and then  

comes t h e  s t a b i l y  t rapped  o r  more o r  less s t a b i l y  t r app-d  

r a d i a t i o n  tha t  forms t h e  very i n t e n s e  r eg ion  w i t h i n ,  which is 

called t h e  magnetosphere. 

F o r  Mars, then,  w e  see in t h e  f irst  s l ide  

c a l o u l a t i o n s  similar t o  those  t h a t  w e  p re sen ted  by t h e  

p r e v i o u s  speaker .  

On t h e  base l i n e  w e  p l o t  t i m e  and on t h e  

v e r t i c a l  s o a l e  o r  l o g o r i t h n i c ,  as t he  l o g o r i t b n i o  scale 

showing deoadee t h e  r a t i o  of magnet ic  moment of Mars t o  the 

magnetio moment of Ear th .  

Now, you see up a t  t h e  t o p  tha t  one p o i n t ,  

where i t  assumes t h a t  t h e  m a g n e t i c  moment o r  t h e  e q u i v a l e n t  

l i t t l e  ba r  megnet w i t h i n  the p l a n e t  would be l i n e d  up w i t h  

t h e  s p i n  of t h e  axis of t h e  p l a n e t  that  somewhere o u t  a 

great d i e t a n c e  here one would e n c o u n t e r  evidence of a bow 

shock  and then in between t h e  tranoif’roil region and f i n a l l y  

t h e  magnetosphere, and so, one proceeds  i n  time as t h e  

encoun te r  goes on, as you approach t h e  p o i n t  of c l o s e s t  approi 
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and you n o t i c e  that  you are able t o  o b t a i n  down t o  one 

hundredths of t he  v a l u e  of t h e  r a t i o  of E a r t h  t o  Mara, and 

f i n a l l y ,  down c l o s e  t o  one thousand,  bu t  s o  far  as w e  oan 

t e l l ,  w i t h  some c o r r e c t i o n s  taken  i n t o  accoun t ,  one o b t a i n s  

real ly  on ly  the shock and t r a n s i t i o n  r eg ion  evidence down t o  

t h e  order  o f  one-thousandths and something l e e s  t h a n  t h a t  

f o r  the  Mar t i an  magnetopause, t a k i n g  i n t o  a m o u n t  t h e  

oompreesion of t h e  r eg ion  and t h e  d i s t o r t i o n  of t h e  l i n e s  

of f oroe . 
Well, t h i s ,  obv ious ly ,  is t h e  most s e n r i t i v e  

r eg ion  and now t h e  q u e s t i n n  i s  whdt do our  data show. 

F i r s t ,  I w i l l  g i v e  you my conc lus ions .  We 

f i n d  no ev idence ,  a,  a r a d i a t i o n  b e l t  a t  Mars; b, no 

s i g n a t u r e  of a shook t r a n s i t i o n  o r  p a r t i o l e s  w i t h i n  any 

t r a n s i t i o n  r e g i o n ,  and f u r t h e r ,  a f t e r  t h e  o o c u l t a t i o n  and 

a per iod  when we are baok i n  t h e  r eg ion  of Mars, p resunab ly  

o u t s i d e  of t h e  wake i t s e l f ,  b u t  n o t  o u t s i d e  a r eg ion  where 

801e s p i l l a g e  from the  wake might y i e l d  p a r t i c l e 8  moving 

baokwards i n  space, we f i n d  no e v i d m c e  of p a r t i o l e  

s p i l l a g e  from t h e  wake. 

Well now, Pets take a look ,  t h e n ,  a t  SOP8 

data worked up du r ing  the  n i g h t  and see how j u s t  t o  show what 

t he  evidence is .  

( S l i d e  shown) 

I n t h e  fo l lowing  s l i d e ,  we now come back t o  

the f i rs t  of t h o s e  slides you showed ea r l i e r ,  t he  one marked 
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"Oocul ta t ionn  n e a r  t h e  c e n t e r  of the  s l ide .  

W e l l ,  l e t  me iirst show t h i s  w e n t ,  then.  

T h i s  is a solar p ro ton  event  referred t o  by 

P r o f .  Van Allen.  Here i a  some of the i n t e r p l a n e t a r y  count ing  

rates. Here i s  t h e  i n c r e a s e  o c c u r r i n g  some t ime between 

f i f t e e n  and s i x t e e n  hundred on t h i s  scale. You see 

t h a t  i t  i s  an even t  of v a r i a b l e  character. Very c l e a r l y ,  

i t  i s  an event  similar t o  t h e  o r d e r  of t e n  t o  a dozen e v e n t s  

seen  throughout  t h e  i n t e r p l a n e t a r y  miss ion  from our  t e l e s c o p e ,  

and it i s  e v i d e n t  t h a t  some of t h e  p a r t i o l e s  ba re ly  reach  

t h e  energies of the  o r d e r  of 12 mev, 12 m i l l i o n  e l e c t r o n  

v o l t s .  

So, i t  i s  a spec t rum w i t h  a f l u x  going  up w i t h  

lower and lower e n e r g i e s ,  some w i t h  ve ry  low e n e r g i e s  one 

would see a h ighe r  f l u x .  Well, t h i s  i s  n a t u r e ' s  way of s o r t  

of adding i n t e r e s t  t o  what  is  going  on, j u s t  occurred  a t  

t h i s  time, b u t  i t  i s  no t  a s s o c i a t e d  w i t h  t h e  p l a n e t .  

( S l i d e  tshown) 

I n  t h e  nex t  s l i d e ,  w e  s e e  r a w  data taken  

d i r e c t l y  from the  t ransmiss ion .  Here are the  faail iar terms 

t h a t  you encountered  yes te rday .  These re la te  t o  t h e  te lemet ry  

frame t r a n s m i s s i o n s  and here  i s  some dubbed i n  times t o  g i v e  

you a s c a l e .  Here is the  o c c u l t a t i o n  pe r iod ,  and t h i s  

f l u c t u a t i o n  e s s e n t i a l l y  i s  due t o  t h e  small amount of infer-  

mation p e r  data p o i n t .  It  i s  i d e n t i c a l  w i t h  t h e  i n t e r p l a n e t a r  

c o n d i t i o n s .  There  i s  no  evidence h e r e  of any change i n  t h e  
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l e v e l .  One would have seen t h e  f l u x e s  r i s i n g  rather 

r a p i d l y  if there had been any th ing  appreo iab le .  We also 

see t h e  t u r n  on of what we c a l l  word 30 dur ing  the  enoounter  

mode and here we see improved spread of t h e  data due t o  t h i s  

p a r t i c u l a r  channel .  

W e l l ,  if we  go t o  t h e  nex t  s l ide ,  we compare 

data obta ined  last  June ,  f o r  example. 

( S l i d e  shown) 

T h i s  is j u s t  an example. Here i s  i n t e r -  

p l a n e t a r y  data. I t  looks  e x a c t l y  t he  same. If I were t o  

s h u f f l e  t h e  data, you would have a hard time t e l l i n g  me 

whether we were n e a r  t h e  p l a n e t  o r  whether we were somewhere 

between Sun and Ear th .  

What would we have seen  a t  a p l a n e t  w i t h  a 

magnitude of t he  E a r t h ' s  f i e l d ?  

( S l i d e  shown) 

I n  t h e  fo l lowing  s l i d e ,  I w i l l  show j u s t  

b r i e f l y  t h e  r e s u l t s  ob ta ined  in t h e  pas  through the  Ear th ' s  

a t  launah. T h i s  is  t o  reaffirm the  response  of the d e t e c t o r .  

Here you see t h e  e n t r y  i n t o  t h e  o u t e r  r a d i a t i o n  b e l t  

s t r u o t u r e  in here as seen by a l l  t h e  i n s t r u m e n t s ,  i o n  ohamber 

t rapped  r a d i a t i o n  d e t e c t o r ,  and so f o r t h ,  some main s t ructure  

magnetosphere 

I n  t h i s  p a r t i o u l a r  o a s e ,  you n o t i c e  t h e  drop 

t o  t h e  i n t e r p l a n e t a r y  l e v e l  and t h e n  b u r s t i n g s  of r a d i a t i o n ,  

and a large peak,  some miss ing  t h e  data up around 26, 263 

radi i ,  and some small peaks  and then  i n t e r p l a n e t a r y  l e v e l  a t  
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t h i o  p o i n t .  None of t h i 8  wale observed. 

Now, i would l i i m  t o  J z s t  draw fwo sets of 

i m p l i o a t i o n s .  F i r s t  of a l l ,  the  i m p l i o a t i o n s  f o r  the p l a n e t  

as you have already heard; essentially, these type8 of 

exper iments  s e t  up your limits f o r  a d i p b l e  noment. 

one, in a d d i t i o n  t o  data and aasumptions regarding t h e  

a n a l y a i s ,  one moat fo l lowed in t h e  probable  range of e r r o r s  

in g e t t i n g  the  form of any type of nagnefio moment, i s  i t ' s  

d i r e c t i o n  w i t h  r e s p e c t  t o  the axis of r o t a t i o n .  When we do 

t h i s ,  w e  fee l  t h a t  we oan conse rva t ive ly  s ta te  t h a t  the upper 

l i m i t  is a ha l f  of one percent  o r  f ive- thoueandths  of t he  

Earth 's  d i p o l e  moment. W e  b e l i e v e  that it is l i k e l y  t h a t  

upon f u r t h e r  d e t a i l e d  statist ical  a n a l y s i s ,  t h i s  number 

w i l l  drop t o  l e a s  than one part i n  a thousand. 

W e l l  now, 

Now, these results, obvious ly ,  have 

i r p l i c a t i o n s  f o r  the p l a n e t  i t s e l f .  We know t h a t  the p l a n e t  

r o t a t e s .  We don' t  know whether i t  has a l i q u i d  core .  I f  i t  

had bo th ,  i t  would l i k e l y  have a magnet ic  f i e ld .  However, I 

t h i n k  i t  is Host important  t o  r e a l i z e  t h a t  the  real upper  

l i m i t s  f o r  any d i p o l e  moment o r  e q u i v a l e n t  d i p o l e  moment of 

t h e  Ea r th  is rea l ly  going t o  be s e t  by the magnetoneter.  

T h i s ,  undoubtedly,  w i l l  be the  n o s t  sensi t ive ins t rument .  

The o t h e r  se t  of i m p l i c a t i o n s  a r e  ooncerned 

w i t h  manned e x p l o r a t i o n .  I t h i n k  i t  i s  obvious now that  i~ec 

w i l l  exper ience  no r a d i a t i o n  hazard  i n  t h e  nea r  Mars 

environment.  The atmoephere of Mars is, however, bombarded 
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a t  a l l  times by the  f u l l  f l u x  of c o m i c  r a y s  and by t h e  f u l l  

f l u x e s  of the  s o l a r  f lare  p a r t i c l e s ,  and hence i s  expec ted  t o  

be i n t e r e s t i n g  i n  t h e  sense  t h a t  t h e  r a d i o a c t i v e  p roduc t s  of 

the d i s i n t e g r a t i o n s  t h a t  are p r e s e n t  are going t o  be d i f f e r e n t  

from t h e  E a r t h  and probably  sorewhat  more i n t e n s e  r e l a t i v e  t o  

t h e  d e n s i t y  of  t h e  atmosphere. 

Th i rd ,  t h e  surface bombardment of t h e  p l a n e t  

i s  going t o  be d i f f e r e n t  from t h a t  of the E a r t h ,  s i n c e  a much 

larger f r a c t i o n  of t h e  oosmlc r a y  energy  w i l l  reach t h e  

s u r f a c e ,  no matter what model i s  assumed f o r  the p l a n e t a r y  

atmosphere,  and i n  a d d i t i o n ,  a la rger  number of solar f lare  

e v e n t s  w i l l  have a v e r y  s i g n i f i c a n t  i n p u t  t o  t h e  surface. 

I b e l i e v e  t h a t  I s  a l l  w e  have at t h i s  t i m e .  

DR. PICKERING: Thank youvery much, D r .  Sinpson.  

Now, I would l i k e  t o  c a l l  on D r .  Bridge, MIT, 

of t h e  S o l a r  Plasma Probe. 

DR. BRIDGE: Well, t he  e x p e r i a e n t  I would l i k e  t o  

d i s c u s s  is ,  as D r .  P i c k e r i n g  s ta ted ,  t h e  experiment  w i t h  t h e  

s o l a r  plasma, so-called s o l a r  wind. 

I would l i k e  t o  d i s c u s s  two aspects of  t h e  

experiment i n  terms of i t ' s  two pr imary  o b j e o t e ,  measurements, 

p r o p e r t i e s  of the  s o l a r  wind i n  t he  i n t e r p l a n e t a r y  r eg ion  

d u r i n g  t h e  c r u i s e  mode of t h e  e p a c o c r a f t ,  and t h e n  the 

p r o p e r t i e s  of t h e  p lasma n e a r  t he  p l a n e t  d u r i n g  t h e  encounter  

p haso.  

Now, I t h i n k  I w i l l  be very b r i e f  on t he  
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i n t e r p l a n e t a r y  s e c t i o n  of t h e  d a t a .  

The p rev ious  results mainly ofi #arizcr 11 

and on t he  IW-I s a t e l l i t e  have given u s  a p r e t t y  good idea of 

what the p r o p e r t i e s  of t h e  solar wind are i n  t h e  i n t e r p l a n e t a r  

r eg ion .  W e  know t h a t  t h e  v e l o c i t i e s  g e n e r a l l y  are a e v e r a l  

hundreds of  k i l o m e t e r s  p e r  second, t h a t  the d e n s i t y  of t h e  

p o s i t i v e  i o n s  i s  i n  t h e  o r d e r  o f  f i v e  t o  t e n  p e r  cc. 

N o w ,  i t  is  n o t  s u r e  t ha t  these c o n d i t i o n s ,  was 

n o t  s u r e  t h a t  these c o n d i t i o n s  p e r s i s t e d  t o  t h e  o r b i t  of Mars, 

so one of t h e  pr imary o b j e c t i v e s  is  t o  see whether o r  n o t  

t h e  p r o p e r t i e s  of t h e  s o l a r  wind i t s e l f  do indeed  v a r y  the 

way we expec t .  Tha t  i s  ma in ly  a v a r i a t i o n  i n  t h e  d e n s i t y  of 

t h e  s o l a r  wind. One e x p e c t s  it t o  drop o f f ,  roughly ,  as t h e  

square  of  t h e  distance and indeed t h i s  roughly seeas t o  be 

t h e  cam. I might s ay  t h a t  t h e  pr imary o b j e c t i v e  i n  s o l a r  

wind exper iments  is  t o  see a good Class I11 solar f lare .  So 

far  w e  have been ve ry  un fo r tuna te ,  as have t h e  o t h e r  

exper imentors  on Mariner  I V ,  t h a t  no  such e v e n t s  have occurred  

So, our  i d e a s  as t o  what the  solar wind i s  

l i k e  i n  t h i s  r e g i o n  of space  are based on t h e  r e s u l t s  of 

p r e v i o u s  exper iments  and I wou ld  say t h a t  we have had no 

surprises i n  t h a t  r eg ion .  

I want t o  make a similar statement abou t  t h e  

v i c i n i t y  of Mars. 

Mars i s  going t o  look  l i k s  are based mainly on t h e  r e e n l t s  

of s a t e l l i t e  expe r ime \ , t s  in t h e  v i c i n i t y  of t h e  E a r t h .  The 

Here o u r  ideas as t o  what t h e  r e g i o n  around 
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Ear th  o r  any o the r  s o l i d  o b j e c t  acts as an o b s t a c l e  t o  the 

plasma flow. In the  caae  of the Ear th ,  I t  i s  t h e  magnetic 

f i e l d  of t h e  Ear th  which acts as t h e  o b s t a c l e ,  and as t h e  

previous speakers have po in ted  o u t ,  one f i n d a  two o h a r a c t e r i s t j  

f e a t u r e s  i n  t h e  n a t u r e  of t h e  Ear th .  One , f i n d s  a shook trans11 

of some s o r t  a t  which p o i n t  t h e  p r o p e r t i e s  of the r o l a r  wind 

change d r a s t i c a l l y  and then there is an inter-boundary t o  the  

so-cal led magnetosphere and t h e  magnetopauae a t  which t h e  

plasma dieappears .  

Now, I emphasize t h a t  what happens in the  

v i c i n i t y  of an a r b i t r a r y  obstacle i s  n o t  completely clear. 

It depends on t h e  p r o p e r t i e s  of t he  o b s t a c l e  and on t he  

p r o p e r t i e s  of the  s o l a r  wind. The p r o p e r t i e s  of  t h e  o b s t a c l e  

i n  the  08818 of Mare t h a t  w e  are i n t e r e s t e d  i n  are t h e  magnetlo 

f i e l d .  

If one looked t o  i n t e r p r e t ,  t hen ,  assuming 

t h a t  there is a magnetic f i e l d ,  t h e  d i p o l e  f i e l d ,  rimilar t o  

t h a t  of  t h e  Earth,  one has t o  know a l s o  something about  t h e  

p r o p e r t i e s  of plasma, and i n  e f f ec t ,  if One knows t he  plasaa 

p r o p e r t i e s ,  then one can conclude something about the magnetic 

f i e l d ,  a h i e f l y  by observ ing  the p o s i t i o n  Pt which one sees t h e  

f i e l d  and by mceeing how i t ' s  value changes a c r o s s  this 

boundary . 
Now, what w e  would e r p e o t  t o  see i n  t h e  case of 

the  p1881P8, if we were t o  c r o s s  the shock t r a n s i t i o n ,  would be 

t h a t  t h e  energy spectrum of t h e  plasma would broaden, t h a t  i s ,  
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i t  would, i n s t e a d  of observing e s s e n t i a l l y  a unique v e l o c i t y  

in t he  wind, we would f i a d  that the v e l o o i t y  s p e o t r u r  o r  tha t  

t h e  energy spectrum had a very a p p r e c i a b l e  wid th  and i f  we 

t o  start no t  as go through t h e  magnetopause and i n t o  the 

magnetosphere of  Mars, i f  such ex i s t s ,  w e  would expeot  t h e  

plasma t o  disappear.  

Now, I t h i n k  tha t  the main r e s u l t ,  then ,  dur ing  

t h e  encounter  i s  t h a t  t h e r e  was no change i n  t h e  p rope r ty  of 

t h e  plasma. I t ' s  number of dene i ty  w a s  about what we would 

expec t ,  n o t  ve ry  d i f f e r e n t  from what i t  is  at  t he  Ear th ,  and 

i t ' s  v e l o c i t y  was of  the order of 300 k i lome te r s  p e r  seoond, 

whioh i s  a q u i t e  reasonable  v e l o o i t y .  

Them v a l u e s ,  then,  permi t  one t o  se t  l i m i t s  

t o  t h e  magnetic moment of Mare, assuming tha t  t h e  f i e l d  i s  agal 

similar t o  t h e  E a r t h ' s  f i e l d .  I t h i n k  t h a t  what w e  would say  

i s  t h a t  t he  l i m i t ,  t h e  magnetic moment of  Mars, is  roughly 

a thousandth of t h e  

Thank you. 

DR. PICKERING: Thank you, D r .  Bridge. 

F i n a l l y ,  then, D r .  L e v e r e t t  Davis w i l l  t a l k  

about the Magnetometer e x p e r i m n t .  

DR. DAVIS: As on a l l  of the o t h e r  experiments ,  

there  was momthan one purpose t o  t h i s .  

We had t h i n g s  t o  Study in the interplanQtarg 

r e g i o n ,  and as w i t h  the  o t h e r  exper imentors ,  I w i l l  be ve ry  

brief about thier. 
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The s t r u o t u r e  of the  i n t e r p l a n e t a r y  magnet ic  

f i e l d  and i t ' s  f l u c t a t i o n s  seem t o  behave about  as expec ted  as 

one w e n t  o u t  t o  Mars. W e  s t i l l  have a l o t  of  work ahead o f  

us looking f o r  c o r r e l a t i o n s  between p a r t i c u l a r  f e a t u r e s  of 

t h i s  f i e l d  and t h e  small s o l a r  f lares that were seen ,  t h e  

behavior  of t h e  Sun, t h e  behav io r  of t h e  magnetic f i e l d  of 

t h e  Ea r th ,  b u t  t h i s  i s n ' t  p a r t  o f  t h i s  s t o r y  and i n  any case 

we haven ' t  g o t  i t  done. 

As t o  what w e  s a w  n e a r  Mars, which w a s  t h e  seco, 

main t h i n g t h a t  we were t r y i n g  t o  do w i t h  t h i s  exper iment ,  t h e  

s h o r t  answer i s  t h a t  we see noth ing  t h a t  we can p o s i t i v e l y  

ascribe t o  t h e  p resence  of Mar8 w i t h  ou r  magnetometer. We 

would have been prepared  t o  m e  the t r a n s i t i o n  a c r o a s  t h e  bow 

shouk t h a t  you have heard mentioned. If w e  had gone a c r o s s  

t ha t  w e  would have expected t o  have seen  a s u b s t a n t i a l  i n c r e a s  

i n  t h e  f l u c t u a t i o n s  of t he  magnetic f i e l d  and a s i g n i f i o a n t  

change i n  t h e  s t r e n g t h  of the f i e l d .  If we had eucceeded i n  

going f u r t h e r  i n  and go through t h e  magnetopause, go i n t o  t h e  

r eg ion  where t h e  l i n e s  of f o r c e  are attached t o  t h e  p l a n e t  a t  

bo th  ends ,  w e  would have expected t o  see a s y s t e m a t i c  and 

o r d e r l y  change and i n c r e a s e  i n  t h e  s t r eng th  of t h e  f i e l d  from 

whose p a t t e r n  we could  have t o l d  whether there  w a s  a d i p o l e  

and what d i r e o t i o n  i t  w a s  o r i e n t e d .  

Ac tua l ly ,  w h a t  w e  d i d  see w a s  t h a t  up u n t i l  

22 minutes af ter  c l o s e s t  approach,  t h e  f i e l d  r a n  a long  q u i t e  

smoothly,  much more amoothly than  o r d i n a r i l y  i n  i n t e r p l a n e t a r y  
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space ,  b u t  no t  unusua l ly  so ,  as t h i s  w a s  a q u i e t  t iae ,  n o t  a 

d i s t u r b i n g  time. A t  about 22 iz?zl?+,e,a a f t e r  c l o s e s t  approach,  

there w a 8  a moderate d i s t u r b a n c e  i n  t he  magnetometer data, 

t he  kind of a d i s t u r b a n c e  t h a t  w e  m u s t  have seen  40 o r  50 

more times i n  i n t e r p l a n e t a r y  space. So, there is no 

i n d i c a t i o n  t h a t  i t  w a s  any  i n d i c a t i o n  t h a t  w e  were n e a r  

Mars. On t h e  o t h e r  hand, w i t h  on ly  a few hours  t o  look  a t  

the data, w e  c a n ' t  a b s o l u t e l y  exclude -- I s h o u l d n ' t  be q u i t e  

t ha t  s t r o n g  -- we c a n ' t  exclude t h e  p o s s i b i l i t y  t h a t  we d i d  

see an i n d i c a t i o n  of a M a r t i a n  magnetia f i e l d .  

T h i s  leads one t o  interpret t h e  data i n  two 

ways: F i r s t ,  take t h e  t h i n g  t h a t  w e  can be a b s o l u t e l y  s u r e  

about ,  namely, t h a t  w e  s a w  no presence ,  no i n d i c a t i o n  of t h e  

presence  i n  Mars up t o  22 m i n u t e s  a f te r  c l o s e s t  approach. 

T h i s  i s  e s s e n t i a l l y  what everyone e lse  has t o  -- c a l a u l a t i o n s  

from here on go rather s i m i l a r l y  w i t h  t h e  o t h e r s .  Each 

person has h i s  own minor d e v i a t i o n s  i n  t he  way he does i t .  

We u s e  t h e  model of the  E a r t h ' s  magnet ic  f i e l d  

which has been developed through a good deal of work i n  t h e  

p a s t  few y e a r s .  W e  used D r .  Bridge 's  plasma data t o  estimate 

what t h e  e f f e c t  of the  a c t u a l  s o l a r  wind t h a t  w e  had y e s t e r d a  

a t  Mars would be i n  t h i s  d i s o u s s i o n ,  and t h a t  s i n c e  t h e  wind 

w a s  s l i g h t l y  lower i n  d e n s i f y  than  i t  i e  n e a r  t h e  E a r t h  and 

the  v e l o c i t y  w a s ,  while n o t  unusua l ly  ion, f e  suck $hat we 

would lead u s  t o  expec t  t h a t  t he  Mart ian f i e l d  i s  somewhat 

lower than  w e  would have i f  we had n o t  had t h i s  data. 
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On t h e  o t h e r  hand, i t  i s  p r e l i m i n a r y ,  and one 

should no t  a t t a c h  an enormous amount of  s i g n i f i c a n c e  t o  i t  

at  the p r e s e n t  time. 

The upshot  of our  best  a n a l y s i s  of t h e  model 

is t h a t  we t h i n k  that  the  Mart ian magnetic f i e l d  cannot  be 

b igge r  than  one-three-thousandth of t h e  -- I a m  s o r r y  -- 
t h e  Martian magnet ic  moment, t h e  s i z e  of t h e  Mars, cannot  

be more than  one- three  thousandth t h a t  of t h e  Ea r th ' s  

laagnet, w i t h  a range  of u n c e r t a i n t y  due  t o  the  f a o t o r s  t h a t  

have a l r eady  been mentioned of about  a f a c t o r  of  t h r e e ,  becaur 

if we have t o  pu t  a c o n s e r v a t i v e  upper l i m i t  then  we could saJ 

i t  i s  almost s u r e l y  l ess  than three- thousandths .  I t  wouldn't  

s u r p r i s e  u s  i f  t h e  data would go t h e  o t h e r  way when ana lyzed  

c a r e f u l l y  and one would say  i t  i s  less than one ten-thousandtl  

of the  Ea r th ' s  magnetic f i e l d ,  

I f  you take t h e  o t h e r  p o i n t  of view and say 

n o t  only t h a t  there  w a s  no d i s t u r b a n c e  up u n t i l  20 minutes 

a f t e r  o l o s e s t  approach,  b u t  t h a t  t h e  d i s t u r b a n c e  w e  s a w  there 

w a s  an i n t e r p l a n e t a r y  even t ,  cou ld  v e r y  w e l l  be, and t h a t  

there was no magnetic d i s t u r b a n c e  o l e a r  on u n t i l  oc!cultation, 

then  you would push  t h i s  magnetic moment of Mars down a little 

b i t  more. 

A t  t h i s  p o i n t ,  t h e  v a l i d i t y  of t h e  models g e t s  

l e s s  certain and i t  i s  hard t o  be v e r y  p r e c i s e ,  I suppose a 

f a c t o r  of 2, f u r t h e r ,  whiuh i s  obv ious ly  smaller than  our  

f a o t o r  of 3. 

3 
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If I could show one s l ide ,  t h i s  i s  ve ry  

similar t o  t h e  ones t h a t  you have see3 several trees befo re ,  

b u t  i t  is s l i g h t l y  d i f f e r e n t  and perhaps i t  may be less c lear  

t o  some and more o l e a r  t o  o thers .  

( S l i d e  shown) 

Here is t h e  t r a j e c t o r y  going by Mars, Always, 

t he  t r a j e c t o r y ,  of course,  i s  i n  three dimensions,  and t h i s  

has been r o t a t e d  around so t ha t  i t  is always in the  p lane  of 

t h e  s l i d e  and put  i n  a p o s i t i o n  which i e  moat convenient for 

understanding t h e  s t r e n g t h  of t h e  Mars d ipole  moment, not 

g iv ing  you a good idea of what the t r a j e c t o r y  looks l i k e .  

If Mars had a magnetic moment equal  t o  t h a t  of 

the  E a r t h ,  t h e  magnetopause wou ld  have been here and t h e  shocb 

would have been t h i s  j i g g l y  th ing  out  here. I f  Mars had had 

a magnetic moment of a s t r e n g t h  t h a t  of  the E a r t h ,  i t  would 

have had t h e  median two curves heavy, f o r  t he  magnetopause 

and t h e  o u t e r  one f o r  t h e  shock, I f  i t  would have been one 

hundred times of t h e  E a r t h ,  i t  would have been the  two curves  

f u r t h e r  i n .  We d idn ' t  t r y  t o  crowd out  of  t h f i  s l i de  the curve 

f o r  one-one thousandth b u t  t h a t  would have been more 

a p p r o p r i a t e  t o  what we a c t u a l l y  s a w .  

of the  shock as  everyone has said, anywhere i n  the o r b i t .  

We d i d n ' t  see any t race  

Now, j u s t  a couple of more remarks on t h e  

impl i ca t ions .  Again, t h i s  i s n ' t  p a r t i c u l a r l y  pecul iar ;  t o  the 

mgnetometer, except  t h a t  i f  we p u t  ou r  upper l i m i t  t o  t h e  

f i e l d  of one-three-thousandth of  t h e  E a r t h ' s  magnetic moment, 

9 
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t hen  o u r  s u r f a c e  f i e l d  would be co r re spond ing ly  lower.  I t  

w i l l  be somewhere i n  t h e  range of 100 g a m a  at  t h e  s u r f a o e .  

The i m p l i c a t i o n s  of t h i s  in format ion  o t h e r  s o i e n t i r t s  have 

moatly suggested a l r e a d y .  The absence of magnet f i e l d  

sugges t s  t h a t  -- excuse me -- I t h i n k  I should s ta r t  over -- 
I t h i n k  t h e  most r easonab le  s t a r t i n g  place i f  one wants t o  

a p p l y  t h i s  o b s e r v a t i o n ,  these o b s e r v a t i o n s  t o  o t h e r  s tudiee,  

i s  t o  say  t h a t  Mars probably  has e s s e n t i a l l y  no  magnet ic  

f i e l d  a t  a l l .  We c a n ' t  prove t h a t ,  butwe 0811 g e t  p r e t t y  

c l o s e .  I f  you start  w i t h  t h a t ,  t h e n  you expec t  t h a t  the  

atmosphere of Mars i s  exposed t o  t h e  s o l a r  wind, t h e  s o l a r  

wind reaches  the atmosphere and d o e s n ' t  produce any drastic 

changes,  b u t  i t  is c e r t a i n l y  d i f f e r e n t  from Ear th .  You 

expect thg t  t h e  i n t e r p l a n e t a r y  cosmic r a d i a t i o n  which i s  t h e  

t o p  of t h e  Mar8 atmosphere as mentioned ear l ier  o r e a t e a  

r a d i o a c t i v i t y  through t h e  whole atmosphere. 

Again, probably n o t  a v e r y  drastic -- it 
probably  does n o t  have very  dras t ic  e f f e c t s ,  b u t  i t  i s  

c e r t a i n l y  d i f f e r e n t  from t h e  Ear th ' s .  

If you wonder where t h e  magnet ic  f i e l d s  of  

p l a n e t s  come from, the  u s u a l  t h e o r i e s  are t h a t  t h e y  come 

from not s o l i d  i r o n  b a r  magnets i n s i d e  b u t  f l u i d  dya-08 

and t h i s  s u g g e s t s  t h a t  Mars i s  d i f f e r e n t  from the  E a r t h  i n  

i t ' s  i n t e r i o r  c o n s t r u c t i o n .  T h i s  s h o u l d n ' t  be a B u r p r i 8 8 ,  f 

t h i n k ,  t o  anyone. If you look a t  the  data on Mars, you look 

a t  i t ' s  d e n s i t y ,  you look a t  i t ' s  s i z e ,  you f i n d  t h a t  i t  is  
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n e a r e r  t o  t h e  Moon i n  d e n s i t y  and s i z e  than  it is t o  t h e  

Earth, and I t  d o e s n ' t  seem su rp r i s ing ,  t h a t  i t  i s  a t  least 

t o  some of u8, t h a t  it is more l i k e  the Moon m a g n e t i c a l l y  

than  it is  l i k e  t h e  E a r t h ,  and t h i s  may imply similar 

s t a t e m e n t s  f o r  o t h e r  g e o l o g i c a l  fea tures ,  b u t  a person  workin 

i n  cosmic r a y s  and nagne t io  f i e l d s  shou ldn ' t  v e n t u r e  i n t o  t h a  

A remark i n  a eromewhat d i f f e r e n t  v e i n ,  t o  

Close. When you do an experiment of t h i s  k ind ,  and you 

don ' t  f i n d  t h a t  your data shows any i n t e r e s t i n g  v a r i a t i o n s  

as you g e t  nea r  Mars, you start i n  by feeling d i sappo in ted .  

You t h i n k  i t  would be much n i c e r  t o  have something epec tacu la  

happen. I t h i n k  a f te r  you re f lec t  on r e s u l t s  a l i t t l e  while, 

i t  is j u s t  normal psychology. You come t o  the r e a l i z a t i o n  

t h a t  showing t h a t  no th ing  has happened t o  your data, showing 

t h a t  Mars i s  ve ry  d i f f e r e n t  from the E a r t h  r a g n e t i c a l l y ,  i s  

probably  j u s t  as u s e f u l  a result  as t o  ge t  a b i g  e f f e c t  and 

show only  t h a t  Mars i s  t h e  same a8 t h e  Ea r th ,  

DR. PICKERING: Thank you, L e v e r e t t .  

Well, as you say,  data r e c e i v e d  du r ing  t h e  

encoun te r  appea r s  t o  i n d i c a t e  t h a t  t h e  e f fec t  of Mars on 

these  experiments  was very  minor indeed  and as L e v e r e t t  

e a y s ,  even though a t  f i r a t  s i g h t  one would perhapa wished 

f o r  some v i o l e h t  phenomena t o  have t aken  p l aoe ,  t h e  actual 

f a c t  that you ruoeiveG ne izGizations of the, p l a n e t  i s  equa l1  

f a s c i n a t i n g  and e q u a l l y  important.  

So, I would l i k e  t o  summarize the o b s e r v a t i o n s  
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which have been rade by commenting f irst  tha t  t h e  experimenta 

data r ece ived  wag, I b e l i e v e ,  of uniformly good q u a l i t y  f o r  

a l l  t h e  exper imentors ,  t h a t  t h e  long  jou rney  through spaoe 

d i d  n o t  degread the data t r a n s m i s s i o n ,  

Secondly,  t h a t  these  r e s u l t s  a p p a r e n t l y  

these results a p p a r e n t l y  i n d i c a t i n g  ve ry  small or perhaps 

no e f f e c t s  of t h e  p l a n e t  are r e e u l t s  whioh are going t o  take 

cons ide rab le  more s tudy  and i n t e r p r e t a t i o n  b e f o r e  t he  f u l l  

imp l ioa t ions  of  these w i l l  be a p p r e c i a t e d ,  

Well now, a t  t h i s  time, I would l i k e  t o i n v i t e  

iome q u e s t i o n s  from the audience ,  

Q I have two q u e s t i o n s ;  one for D r .  Bridge. I 

wondered if t h e  v e h i c l e  got  n e a r  enough t o  a p o i n t  t o  see a 

wake i f  t h e r e  was a wake l i k e  the  one reported by him from 

the  Moon. I w i l l  g i v e  you the o t h e r  q u e s t i o n a f t e r w a r d s .  

DR. BRIDGE: No, i t  d i d  n o t ,  

Q So, you can't t e l l  whether there was a wake 

o r  no t?  

DR. BRIDGE: Well, excep t  you mean i n  t h e  case of 

Mars? 

Q Righ t .  

DR. BRIDGE: No, w e  saw none, no wake. 

Q On t h e  o t h e r  q u e s t i o n ,  perhaps  I o m  g e t  t o  

D r ,  Van Allen ,  He has heard it  SO many times a l r e a d y ,  apropa 

of h i s  own r a d i a t i o n  b e l t .  Could he estimate what t h e  s u r f a c  

f l u x  of cosmic r ay8  m u l d  be wi thou t  a magnetic f i e l d  and 
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would i t  have a d i rec t  bea r ing  on t h e  p o s s i b i l i t y  of l i f e  

on tne piai iet? 

DR. VAN ALLEN: I can t r y  t o  anewer t h e  first 

p a r t  of t h e  q u e s t i o n ,  b u t  perhaps n o t  the seoond. 

The f l u x  would be about  t h e  same as w e  f i n d  

i t  a t  the  t o p  of  the  atmosphere i n  t he  p o l a r  regions around 

t h e  E a r t h ,  namely, about  two par t ic les  p e r  squa re  centimeter 

p e r  second and t h i s  would presumdbly be e s s e n t i a l l y  uniform 

a l l  ove r  t h e  t op of t he  Mart ian atmoaphore. 

Now, from t h e r e  on, t h e  main d i f f e r e n c e  from 

Mars and t h e  E a r t h  is t h a t  i t  h a s  a l r e a d y  been known t o  be 

very muoh t h i n n e r  atmosphere, so the  afmoephere of Mare 

i s  l i k e  one-tenth t o  perhaps as great as o n e - f i f t i e t h  as 

muoh atmosphere p e r  u n i t  column around Mars and it  i s  

presumed t h a t  t h o s e  resul ts  w i l l  be r e f i n e d  and improved as 
experimenters 

soon as t h e  o c c u l t a t i o n / h a v e  f i n i s h e d  the i r  a n a l y s i s ,  b u t  

tha t  is  a l r e a d y  f a i r l y  w e l l  known i n  round numbers, so t h e  

absence of an a tmospher ic  sh i e ld  means that t h e  i n t e n s i t y  

a t  t h e  s u r f a c e  of  Mars would be of t h e  o r d e r  of f i f t y  times 

t h a t  of t h e  Ear th .  

Now, t h i s  i s  s t i l l  n o t  a t  a l l  a f r i g h t e n i n g  

v a l u e  in any r o r t  of a r a d i a t i o n  s e n s e .  I should  say it  i s  

s t i l l  rather small, b u t  perhaps we g e t  i n t e n s i t y  i n  rather 

r e f i n e d  g e n e t i u  muta t ion  oonsidaratteza. 

Now, i n  a d d i t i o n  t o  t h a t ,  of c o u r s e ,  t h e  s o l a r  

cosmic r a y s ,  t h e  g r e a t  b u r s t s  of much lower energy  p a r t i c l e s  
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from the Sun would have much f reer  access t o  the  surface 

of Mars, b u t  even there ,  t h e  atmosphere of Mars i s  p a r t i c u l a r 1  

th inned  o u t  t o  c e r t a i n l y  sh ie ld  o u t  t h o s e  rather w e l l .  

Q Could you summarize f o r  u s  o r  perhaps  one of 

these gentlemen, what  does a l l  t h i s  i n fo rma t ion  you have 

l ea rned  mean i n  terms of t he  p o s s i b i l i t y  of l i f e  on Mars, 

the  p o s s i b i l i t y  of  l and ing  men on Mars? 

DR. PICICERING: Well, I don ' t  want t o  make a v e r y  

long  s ta tement  about  t h a t ,  b u t  I w i l l  say t h e  fo l lowing  t h i n g .  

As has been a l r e a d y  commented, t h e  absenoe of a magnet ic  

f i e l d  means t h a t  t h e  t o p  of t h e  atmosphere of Mars is boabarde 

by a l l  of the  s o l a r  r a d i a t i o n s  and cosmic r a d i a t i o n s .  There 

i s  no s h i e l d i n g  due t o  magnetic f i e l d .  J u s t  p r e c i s e l y  what 

t he  e f f e u t  that  t h i s  w i l l  have as r e g a r d s  l i f e ,  depends on 

a v a r i e t y  o f  f a c t o r s .  

F i r s t ,  t h e  actual d e p t h  of the atmosphere,  how 

much atmosphere i s  a u t u a l l y  p r e s e n t .  Secondly,  the  n a t u r e  

of t h e  srpecies i n  t h a t  atmosphere. Well, t h o s e  two items 

p a r t i c u l a r l y ,  t h a t  w i l l  i n  e f fec t  govern  what s o r t  of 

r a d i a t i o n s  are p r e s e n t  a t  the  s u r f a o e ,  and t hen ,  t h e  q u e s t i o n  

a8 t o  whether o r  what e f f e c t  t h a t  has  on l i f e .  Then, a g a i n ,  

i t  depends on what assumptions one makes about  g e n e t i c  e f fec ts  

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

would assume would be p r e s e n t  i n  t h i s  environment.  We need 

more informat ion .  

Cl A r e  you discouraged, Dr. p i c k e r i n g ,  as t o  the 

, 

1 
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p o e e i b i l i t y  of l i f e  on Mars? 

DR. PICKERING: Discouraged? We. f hsvs always 

f e l t  t h a t  we w i l l  f i n d  8018 forms of l i f e  on Mare, I s t i l l  

look forward wi th  g r e a t  a n t i c i p a t i o n  t o  exper iments  whioh 

w i l l  involve l and ing  capsules  on t h e  eu r faoe  and searohing  

f o r  l i f e .  

Q For M r .  Alexander. 

If I understand you c o r r e a t l y  a t  the start ,  

you said t h a t  you found no evidence of any i n t e n s o  b e l t  o r  

conoen t ra t ion  of due t  p a r t l o l e a  around Mare a t  a distance 

of about one Martian r ad ius .  

Now, i n  view of  t he  faot t h a t  you were only 

wi th in  t h r e e  Mar t ian  radii ,  how do you come t o  t h i s  

conclusion at  a l l ?  

MR. ALEXANDER: I d idn ' t  s tate it q u i t e  c o r r e o t l y ;  

t h a t  i n  looking  at  t h e  concen t r a t ion  around E a r t h ,  we s e t  

one wi th in  E a r t h  radii. 

9 Y e s  , 

MR. ALEXANDER: We would have had t o  have been w i t h i  

one Martian radii  t o  have seen the  same kind of c o n c e n t r a t i o n ,  

Since we weren ' t  t h e r e ,  we could only have seen an i n t e n s e  

c o n c e n t r a t i o n  at  three, In  o t h e r  words, sonrething greater 

than Barth.  We d i d n ' t  see t h a t .  W e  couldn ' t  have seen it .  

That  i s  what  I meant. 

Q Now, t o  follow up t h i s ,  I wonder i f  you c o u l d  

express y o u r s e l f  i n  a l i t t l e  d e t a i l  than  you d i d  about  the  

n 
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p a r t i o l e s  s i z e  and d i s t r i b u t i o n .  You merely a l luded  t o  i t  

without  g i v i n g  us any number. 

MR. ALEXANDER: The real impor tan t  t h i n g  on p a r t i o l c  

size is what  w e  o a l l  t h e  s l o p e  of t he  ourve. In o t h e r  words, 

you have more smaller p a r t i o l e s  than  l a r g e r  p a r t i o l e s ,  and 

if one draws a graph t h a t  shows how many par t ic les  of l i t t l e  

ones and then t h e  nary t h e  curve s l o p e s  as the  p a r t i o l e s  ge t  

l a r g e r ,  so the  s l o p e  of t h a t  ourve i s n ' t  impor tan t  t o  ur. 

Now, i n  t h i s  what are cal led t h e  E a r t h  

in f luenoe  r eg ion ,  which w a s  two-tenths  of an a u ,  and t h a t  ie 

sr s u r p r i s e  f o r  us, t h i s  e lope  w a s  i n  t h e  neighborhood of t h e  

squa re  r o o t  of t h o  mass, o r  ra ther  f l a t  e lope  f o r  US. Betweer 

, 2  And .4 au, t h l r  e lope  ohanged almolrt t o  Jurt  t h e  m a 8 ~  

I t s e l f  . 
In o t h e r  wordr, you g e t  t e n  p a r t i a l e s  In one 

s l o p e  and you go down t o  ten times t h e  a i m ,  you w i l l  have 

one particle.  I t  approaohed t h a t .  Then, when we approaohed 

Mars aga in ,  i t  ourved ou t  f l a t t e r ,  l i k e  t h e  Ea r th ,  i n  t h e  

masa d i s t r i b u t i o n ,  so t h e  two t h i n g s  t h a t  showed t h i s  rather 

wide sweeping e f f e c t ,  which I s  n o t  p r i o r  t o  t h i s  s p e c t r a .  

Q And, t h e  t h i r d ,  and I promise you, f i n a l  

ques t ion .  18 t h i s  re la ted  t o  t h e  g r a v i t a t i o n a l  f i e l d  of the  

two p l a n e t s ?  

MR. ALEXANDER: T h i s  h a s  t o  be related t o  it, b u t  

w e  are p r e t t y  su re  now t h a t  w e  have a v e r y  compl iaa ted  t h i n g  

here,  i n  t h a t  t h e  forces on t h e m  v e r y  amall  p a r t i c l e s  are 
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n o t  only t h e  g r a v i t a t i o n a l  f o r c e ,  t h e  Sun and t h e  E a r t h  and 

Mars, whatever view there  that i t  gats  n e a r  t o ,  w e  are 

involved wi th  r a d i a t i o n  pressure  and t h i n g s  l i k e  t h a t  on t h e  

small p a r t i c l e s  t h a t  are having a v e r y  dynamic e f f ec t  on 

them, and t h e  degree of i t  we had n o t  r e a l i z e d ,  and 80 now, 

we have been using t h e  phrase,  today,  we have a l o t  more 

home work t o  do, 

Q B i l l ,  I wonder i f  you o r  perhaps Dr. Van 

Al l en ,  could p a i n t  ue  a p o r t r a i t ,  i f  you w i l l ,  of what It is 

l i k e  t o  be on t h e  s u r f a c e  of Mars, i f  t h e r e  is anyth ing  there 

in teras of magnetic f i e l d  r a d i a t i o n  b e l t  and t empera ture  as 

ooapared t o  t h e  s u r f a c e  of Ear th ,  

DR, VAN ALLEN: I t h i n k  I caught some of t h e  main 

idear, F i r s t ,  the  temperature.  I r e a l l y  don't pre t end  t o  

be oompetent t o  d i s c u s e  tha t  on my own i n i t i a t i v e ,  80 t o  

speak, o r  my own knowledg@, bu t  I t h i n k  t h e  temperature  

i s  g e n e r a l l y  supposed t o  be 180 degrees ,  s o r t  of an average 

tempera ture ,  whioh is q u i t e  oold,  I t  i s  l i k e  100 degrees  

below z e r o  or taonething of t h a t  o r d e r .  That i e  t he  f irst  

point, 

The aeoond p o i n t  i s  as fa r  as r a d i a t i o n  b o l t s  

are  concerned, on t h e  grounds of our  f i n d i n g s  yes t e rday ,  ther 

is no such. 
I 

Now, as f a r  as r a d i a t i o n  on the p i m e + , ,  i f  is , 

t h e  atmosphere which is t h e  main d i f f e r e n c e  from the  E a r t h ,  

The atmospheric  people  haven't r e p o r t e d  i n  y e t  so I should  



~ 

40 

oay t h a t  i t  i s  p l a i n l y  a questiton f o r  them t o  determine the  

Composition and t o t a l  exteart of t h e  atmosphere, beoausa t h a t  

i s  the p r i n c i p a l  t h i n g  whioll de te rmines  the n a t u r e  of t h e  

temperature d i s t r i b u t i o n ,  the atmoaphere, and the  k ind  of 

u l t r a  v i o l e t  and 80 f o r t h  t h a t  i s  d i s t r i b u t e d  on the surface, 

80 I don't f e e l  competent t o  d i a o u r s  tha t .  

I t h i n k  you had a n o t h e r  p o i n t ,  b u t  I don ' t  

r e o a l l .  

Q The t h i r d  one was magnetic f i e l d  r a d i a t i o n  

b e l t  temperature ,  

D r .  Van Allen: The r a g n e t i o  f i e l d  i r  a p p a r e n t l y  

q u i t e  weak ar we po in ted  out .  I t  l e  almost o e r t a i n l y  l e e r  

t h a n  one hundredth of t h a t  on t h e  surface and it  would be 

a very  weak magnetio f i e l d .  However, t h e  magnetio f i e l d  

i t s e l f  probably ha8 no d i r e c t  bea r ing  on t he  g e n e r a l  n a t u r e  

of l i f e  on t h e  p l a n e t .  

Q Thi8  i s  f o r  D r .  V a n  Allen. 

I hea r  therer i s  no r a d i a t i o n  b e l t ,  no shook, 

no bow shook, no magnetosphere. What e f f e c t  w i l l i t h i s  have 

on t h e  f u t u r e  Voyager, p a r t i c u l a r l y  i n  r a d i o  t ransmies ion .  

I apIIpune we g e t  less word ooming through. Is i t  p o s s i b l e  

t ha t  two s t a t i n n e  on Mars oan communicate by bounolng o r  they  

g o t  t o  be d i r e o t  l i n e .  How about  a l i t t l e  fast  resume of 

what  a l l  t h e  f i n d s  so far  would g i v e  us  i n  r e g a r d  t o  t h e  

Voyager experiments.  

DR, VAN ALLEN: The f i rs t  p o i n t  is t h a t  I t h i n k  t h e  



4 

41 

t h e  r a d i a t i o n  b e l t  of t h e  E a r t h  has v i r t u a l l y  no s i g n i f i c a n c e  

on r a d i o  communications from t h e  Ear th .  The p a r t  of t h e  

E a r t h ' s  environment which rea l ly  coun t s  i s  t h e  ionoaphere 

at  about  100 k i lome te r s  and more above t h e  Ea r th ,  and t h a t  

aga in  i s  atmospheric  q u e s t i o n  rather than  i n  any way i ta  

i l l u m i n a t e d  by what ha8 been r epor t ed  t h i s  morning, 80 I 

t h i n k  i n  k ind  of a broad sense, noth ing  t h a t  we r e p o r t e d  here 

t h i s  morning has any s i g n i f i c a n t  bea r ing  on communications 

from Mars o r  from one p o i n t  on Mars t o  a n o t h e r  p o i n t  on it. 

The magnet ic  f i e l d  does have 8ome I n f l u e n c e  

on r a d i o  propogat ion  of t h e  E a r t h ' s  atmosphere,  b u t  i t  is n o t  

of dominant importance.  

9 I would l i k e  t o  ask Dr. Simpson if he might 

e l a b o r a t e  a b i t .  H e  i n d i c a t e d  tha t ,  i f  I understood him 

c o r r e c t l y ,  t he re  w a s  no s i g n i f i c a n t  r a d i a t i o n  hazard  t o  men 

l and ing  on the  p l a n e t .  Also,  I am n o t  c lear ,  q u i t e  c lear ,  

as t o  r e l a t i o n  between t h a t  and the  lack of a t r apped  

r a d i a t i o n  b e l t .  

DR. SIMPSON: I b e l i e v e  i t  i s  f a i r  t o  say  t h a t  u n t i l  

these measurements were made and r e s u l t s  were ob ta ined ,  one 

can make guesses ,  b u t  wouldn't  know wha t  t h e  r a d i a t i o n  b e l t  

might be l i k e  around Mars, and s i n u e  almost  a l l  t y p e s  Of 

operatioiis that vnuld b r i n g  men i n  a capsule  i n t o  the p l a n e t  

Would presumably invo lve  t h e i r  spending a c o n s i d e r a b l e  amount 

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

so t o  speak,  around t h e  p l a n e t ,  i t  would be presumed t h a t  a 
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s t rong  b e l t  would be d iscouraging  t o  such  i n d i v i d u a l s .  

So,  t h e r e f o r e ,  i t  seems clear t h a t  there  i s  

no problem here . 
On t h e  ques t ion  of there  be ing  on t h e  p l a n e t ,  

a l though the  r a d i a t i o n  l e v e l s  are  obvious ly  h i g h e r ,  t hey  

cbn't seem t o  be  so h igh  t h a t  one would be concerned f o r  a 

temporary v i s i t .  

Q D r .  P i cke r ing ,  do you have any estimate as t o  

when t h e  f irst  p i c t u r e s  might be prooeseed f o r  rev iewing  

o r  when somebody might f i r s t  see it? 

DR. PICKERINQ: I am j u s t  as in t e re s t ed  as you are 

t o  see t h a t  f i rs t  p i c t u r e .  The complete data r e c e p t i o n  

should be complete i n  ano the r  hour. There i s ,  of cour se ,  

p rocess ing ,  c u t t i n g  and so f o r t h ,  bu t  t he  p i c t u r e  of some 

s o r t  w i l l  be obvious ly  f i n i s h e d  up in a few hours from now. 

J u s t  as a matter of i n t e r e s t ,  by the  way, i n  

view of t h e  i n t e r e s t  i n  t h e  photograph,  I thought  perhaps  

you might  l i k e  t o  s e e  t h e  way t h i s  d i g i t a l  data comes i n ,  and 

i f  I can have the  c losed  c i r c u i t  W switched t o  t h a t  data, 

if you look on t h e  c l o s e d  c i r c u i t  TV you see now t h i s  data. 

I t  is a l i t t l e  o u t  of  focus  because t h e  tape i s n ' t  ho ld ing  

q u i t e  6t0ady,  b u t  you see t h e  cha in  of numbers whioh are 

coming i n  c o n t i n u a l l y .  These numbers then  c o n t a i n ,  as I s a y ,  

of t he  p a r t i c u l a r  p o i n t ,  namely, t h e  i d e n t i f i c a t i o n  of t h e  

p a r t i c u l a r  p o i n t ,  and then  a number r e p r e s e n t i n g  t h e  i n t e n s i t  

of t h e  grey saa le  cor responding  to t h a t  p a r t i o u l a r  p o i n t ,  
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and I c a n ' t  see them from h e r e ,  b u t  if you can see them, t h e  

gray  scale numbers which l i e  betweenone and 6; chmge as the  

i n t e n s i t y  of t h a t  p a r t i c u l a r  spo t  changes,  

And so, t h i s  is t h e  p rocess  which i s  t ak ing  

p l ace .  Each one of  t hose  l i n e s  have numbers cor responding  t o  

one p a r t i c u l a r  p o i n t  on t h e  p i c t u r e ,  one d o t  on t h e  p i c t u r e ,  

and t h e  i n t e n s i t y  of t h a t  d o t ,  and t h i s  material then  i s  

coming i n  a t  t h i s  ra te ,  r e l a t i v e l y  s low rate ,  and i s  be ing  

conver ted  then  through t h e  computer i n t o  a f i n a l  p i o t u r e .  

Q D r .  P ioker ing ,  a l i t t l e  more on the  s u b j e c t  

of l i f e  on Mars, based on t h i s  knowledge, is s c i e n o e  now 

prepared  t o  ru le  o u t  t h e  p o s s i b i l i t y  of any form of h i g h e r  

l i f e  e x i s t i n g  on t h e  p l a n e t  of Mars? 

DR, PICKERING: I am sure t h a t  one oan f i n d  a l l  

s o r t s  of s p e o u l a t i o n s  about  t h i s  subjec t .  I t h i n k  t h a t  a6 

regarda  h i g h e r  forms of l i f e  on Mars, t h e  most i n t e r e a t i n g  

ques t ion  which we have t o  answer i s  what is t he  n a t u r e  of the  

atmoephere of Mars, because a t  least  w i t h  t h e  h i g h e r  forms 

o f  l i f e  w i t h  which w e  a r a  familiar, we need t o  hane a reaaona 

atmosphere f o r  reasonable  supply  of  oxygen t o  main ta in  

metabolism, 

Now, if t h e r e  i s  p r a c t i c a l l y  no a i r  on Mars, 

t h i s  would c e r t a i n l y  l i m i t  the  forms of l i f e  which could  

e x i s t  if it  is similar t o  Ea r th  forms. However, tire variety 

and complexi ty  of l i f e  forms which have evolved here on t h e  

E a r t h  i s  so f a n t a s t i c  t h a t  I d o n ' t  t h i n k  w e  should  r u l e  o u t  
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what we w i l l  f i n d  on Mars u n t i l  w e  a c t u a l l y  g e t  there.  

Q What about  sub te r r anean  l i f e ?  I t  seems t o  be 

hollow 0- 

DR. PICKERING: I d o n ' t  t h i n k  Mars i s  hollow, We 

merely sa id  i t ' s  d e n s i t y  i s  no t  as g r e a t  as t h a t  of t h e  

E a r t h .  You can speculate  on sub te r r anean  l i f e ,  i f  you l i k e .  

Q What you are say ing ,  in e8senc8, D r .  

P i cke r ing ,  i s  t h a t  we are as much i n  t he  dark  t h i s  a f t e r n o o n  

as we  were y e s t e r d a y  a f t e rnoon?  

DR. PICKERING: W a i t  a m i n u t e .  

L e t  me p o i n t  ou t  t h a t  thirr p a r t i o u l a r  

Mariner f l i g h t  was neve r  supposed t o  answer t h e  q u e s t i o n  

as t o  whether there  i s  l i f e  on Mars o r  t he re  i s  n o t  l i f e  on 

Mars. 

I n  o r d e r  t o  answer t ha t  q u e s t i o n ,  it i s  

obviously neoeeeary t o  land on t h e  p l a n e t  and P r o j e c t  

Voyager, t h e  n e x t  i n t e r p l a n e t a r y  p r o j e o t ,  i s  aimed a t  t h i s  

p a r t i c u l a r  o b j e c t i v e ,  and w e  w i l l  expeot  t o  l a n d  capsules 

on t h e  s u r f a c e  of t h e  p l a n e t  w i t h  Voyager. 

I n  t h e  case of t h i s  Mar iner  miss ion ,  w e  have 

oonducted t h e  f i rs t  olose-up e x p l o r a t i o n  of t h e  p l a n e t .  We 

have gained a great deal of s o i e n t i f i c  i n fo rma t ion ,  b u t  I 

hope we w i l l  g e t  a g r e a t  deal more i n t e r e s t i n g  and u s e f u l  

information from t h o  photographs,  b u t  we w i l l  n o t  be ab le  t o  

say  t h a t  t h e r e  i e  o r  i s  n o t  l i f e  on Mars. A t  least ,  we d o n ' t  

expect  t o .  However, t h e  a d d i t i o n a l  i n fo rma t ion  which we have 
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ob ta ined  has  g iven  u s  more informat ion  about  t h e  k ind  of 

environment which ~8 ca~! expec t ,  and t h e r e f o r e  perhaps  some 

c l u e s  as t o  c o n s t r a i n t s  on life forms on Mars. 

Q What is t h e  l a t e s t  you can t e l l  u s  about  

p i c t u r e  r e l e a s e ?  

DR. PICKERING: I am s o r r y .  I beg your  pardon? 

Q What i s  the  la tes t  you can t e l l  u s  about  

p i c t u r e  release? 

DR. PICKERING: I can ' t  t e l l  you anyth ing .  I 

haven ' t  seen  t h e  p i c t u r e s  yet  myself and we are, of  oour se ,  

as I said y e s t e r d a y ,  w e  are a c t u a l l y  exper iment ing  w i t h  a 

v a r i e t y  of ways of g e t t i n g  t h i s  p i c t u r e ,  a l l  t h e  way down 

t o  b r u t e  f o r c e ,  p u t  i t  i n  d o t s  one a t  a time by r e a d i n g  t h a t  

t ape  which you j u s t  s a w ,  and i n  v a r i o u s  ways w e  are t r y i n g  

t o  g e t  a p i c t u r e  as qu ick ly  as we can ,  and be fo re  t h e  

a f t e rnoon  is o u t ,  I hope t h a t  we can indeed  have a p i c t u r e .  

Whether o r  no t  t h e  p i c t u r e  w i l l  be released 

a t  t h i s  t ime ,  I w i l l  make no commitments now. 

Q T h i s  is  f o r  whoever would l i k e  t o  respond.  

I found some of t h e  d i s s e r t a t i o n s  a b i t  

ove r  my head. I wondered i f  someone would care t o  d i s c u s s  

t h e  r e l a t i o n s h i p  o f  t h e  r a d i a t i o n  b e l t  t o  t h e  e x i s t e n c e  o r  

non-exis tenoe of t h e  magnetic f i e l d .  One has t o  e x i s t  i n  

o r d e r  f o r  t he  o t h e r  t o  be p m s m t ,  m d  does t h i s  data t h a t  

you have r ece ived  today  i n d i c a t e  t h a t  there  is no p o s s i b i l i t  

of t h e  Magnetic f i e l d  o r  r a d i a t i o n  b e l t  or j u s t  t h a t  i t  



46 

would be v e r y  tenuous i f  i t  existed a t  a l l .  

DR. PICKERING: I would l i k e  t o  comment on t h a t .  

As you heard from t h e  v a r i o u s  exper imentors ,  

t h e r e  i s  a g r e a t  deal of i n t e r r e l a t i o n  between t h e  r e s u l t s  

of t h e  v a r i o u s  experiments  as fa r  as t h e  magnet ic  fields are 

concerned, and,  i n  f a c t ,  i t  i s  neoessary  t o  have a magnet ic  

f i e l d  if we are going t o  have a r a d i a t i o n  b e l t ,  and t h e  

measurements, t h e  p a r t i o l e  measurements which were made, 

t he  d i r ec t  magnekic measurements, supplement each o t h e r  and 

confirm t h a t  any magnetic f i e l d  which ex i s t s  must be v e r y  

small. 

u And t h e r e f o r e ,  t h e  r a d i a t i o n  b e l t  -- 
DR. PICKERING: And, l ikewise  t h e  r a d i a t i o n  b e l t  

i s  smal l ,  I n  o t h e r  words, t h e  smaller r a d i a t i o n  b e l t  t he  

smaller f i e l d ;  t h e  smaller f i e l d ,  t h e  smaller r a d i a t i o n  

b e l t .  

Q I would l i k e  t o  clear up one p o i n t ,  

Would any of t h e  exper imentors  care t o  

s p e c u l a t e  as t o  whether  t h e  su r face  r a d i o a c t i v i t y  on Mars 

due t o  t h e  lack of atmosphere and magnet ic  f i e l d  would be 

dangerous f o r  man l and ing  o r  even f o r  a s p a o e c r a f t ?  

DR. PICKERING: You want t o  answer t h a t ?  

DR. SIMPSON:  Well, I t h i n k  t h a t  some of our 

remarks he re ,  I t h i n k ,  i n d i c a t e  t h a t  t h e  l e v e l  is d i f f e r e n t  

from Ear th .  I t  i s  h i g h e r  than E a r t h ,  b u t  t he re  is no 

evidence t h a t  i t  would be dangerous.  
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Q Well, I guess  you would be t he  one t o  answer 

t h i s  one, Doctor.  

We have j u s t  seen a t a p e  here of t h e  data 

coming through.  What is t o  prevent  someone e l se  from 

p o i n t i n g  an  an tenna  a t  t h e  s p a c e c r a f t  g e t t i n g  t h e i r  own 

data and t h e i r  own s e t  of p i c t u r e s  and would there  be any 

advantage i n  t h i s ?  

DR. PICKERING: I t h i n k  t h a t  t h e  an tenna  syatem 

which ne are us ing  a t  Goldstone i s  unique i n  t h e  world and I 

don ' t  t h i n k  t h a t  anybody e l s e  w i t h  t h e  n e c e s s a r y  s k i l l s  cou ld  

b u i l d  a communication system which can match i t .  

v D i d  t h e  s p a c e c r a f t  show any awareness of t h e  

e f f o r t  a long  t h e  way, any data t o  i n d i c a t e  t h e  presence  -- 
DR, PICKERING: The q u e s t i o n  i s  whether  our  

s p a c e c r a f t  showed any evidence of' t h e  Russ i an  Xond I1 on i t ' s  

journey ,  and t h e  answer i s  no. Zond I1 was r e p o r t e d l y  

s e v e r a l  days  behind us  and t h a t  i s  A long way on a space 

jou rney  l i k e  t h i s .  

Q Would you and Dr. Van A l l e n  t r y  t o  take an 

educa ted  guess  t h a t  w e  have i n c r e a s e d  o u r  knowledge of the 

s u r f a c e  of Mars, as a r e s u l t  o f  all of these experiments? 

DR. PICKERING: Well ,  so far,  w e  have n o t  changed 

o u r  knowledge of t h e  s u r f a c e  of Mars, We have changed o u r  

knowledge of t h e  surface environment in a small a;;;ouz+,. W e  

have i n c r e a s e d  i t .  W e  w i l l  i n c r e a s e  our  knas ledge  of t h e  

surface o f  Mars when w e  look a t  some photographs and, w e l l ,  
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I t h i n k  t h a t  i s  r e a l l y  a l l  I can s a y  a t  t h i s  s t a g e .  

Q D r .  P i c k e r i n g ,  what do you t h i n k  is  the  most 

impor tan t  element t h a t  you g a t h e r e d  on t h i s  program? 

DR. PICKERING: The most impor tan t  element? 

Q O u t  of a l l  t he  exper iments .  

DR. PICKERING: I a m  s u r e  t h a t  each one of t h e s e  

experimentore  b e l i e v e s  h i s  experiment  i s  t h e  most i m p o r t a n t ,  

and I won't e n t e r  i n t o  t h e  argument. 

Q D r .  P iuke r ing ,  what would t h e  absence of a 

magnetic moment mean i n  the des ign  of some i n s t r u m e n t a t i o n  

on t h e  Voyager. Would i t  a l t e r  it? 

DR. PICKERING: The q u e s t i o n  as t o  whether o r  n o t  

t h e  magnetic moment e f f ec t s  t h e  d e s i g n  of i n s t r u m e n t a t i o n  

f o r  t h e  Voyager. 

I don ' t  t h i n k  so. I d o n ' t  b e l i e v e  there  

w i l l  r e a l l y  be any s e r i o u s  i n t e r a c t i o n  between t h e  Voyager 

des ign  and t h e  absence of  a magnetic f i e l d ,  except  that  

I euppose i f  one wanted t o  u s e  a compass on t h e  Voyager, you 

would l and  a t  a p o i n t  n o r t h ,  n a t u r a l l y ,  you c a n ' t  u s e  a 

compass. 

Q Do y o u  have any a d d i t i o n a l  data y e t  on t h e  

d e n s i t y  o r  the  oomposition of t h e  atmosphere? 

DR. PICICERING: No. We hope t o  have a r e p o r t  on 

t h a t  tomorrow. The e x p e r i a e n t o r s  who are concerned w i t h  t h i s  

o c c u l t a t i o n  experiment r e p o r t  t o  u s  t h a t  t h e y  have some 

i n t e r e s t i n g  looking data. The i n t e r p r e t a t i o n  o f  t h i s  i s  
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d i f f i c u l t  and w e  hope t h a t  by tomorrow w e  w i l l  have something 

t o  say. 

Q D r .  P i c k e r i n g ,  d i d  the  l a p s e d  time from the  

start  of the  t a p e  t o  t h e  e n d  of t h e  t a p e  i n d i c a t e  that t h e  

sequenoe was p r o p e r ;  t h a t  i s ,  24 seconds of r e c o r d i n g  and 

24 seconds of pause? 

DR. PICKERING: T h i s  q u e s t i o n  of  i n t e r p r e t a t i o n  o f  

t h e  t a p e  r e c o r d i n g ,  as t o  whether or n o t  i t  worked p r o p e r l y ,  

whether or n o t  the extra s i g n a l  w e  g o t  r e a l l y  i n d i c a t e d  any 

d i f f i c u l t y  o r  n o t ,  t h i s  has been ana lyzed  by t h e  s p a c e c r a f t  

crew and t h e y  a r e  of t h e  opinion t h a t  t h i s  tape d i d  wo& 

prope r ly  and t h a t  ex t r aneous  s i g n a l s  was J u s t  s o r t  of 

ex t r aneous  e l e c t r i c  s i g n a l  and does  n o t  i n d i c a t e  any 

d i f f i o u l t y  w i t h  t h e  tape.  

However, I m u s t  p o i n t  o u t  t h a t  t h e  real  proof 

of t h i s  is n o t  going t o  come f o r  a n o t h e r  15 days when we 

e i t h e r  have 20 p i c t u r e s  i n  hand or w e  don ' t .  We expec t  now, 

w e  f u l l y  expec t  10 days from now w e  w i l l  have 20 d i f f e r e n t  

p i c t u r e s  t aken  from t h e  tape.  

Q D r .  Bridge s ta ted t h a t  t he  s o l d r w i n d  data 

seems t o  f i t  i n  w i t h  p rev ious ly  e x i s t i n g  t h e o r i e s .  I w a s  

wondering how t h e  magnetic f i e l d  and r a d i a t i o n  b e l t  data, 

d i d  i t  confirm or confound t h e  p r e v i o u s l y  e x i s t i n g  t h e o r i e s  a 

what does it s a y  about  the i n t e r i o r  of the p l a n e t .  

DR. PICKERING: Is t h i s  f o r  D r .  Bridge? 

DR. BRIDGE: I th ink  t h e  q u e s t i o n  w a s  more about  

id 
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magnetic f i e l d s  than  i n t e r i o r  of the  p l a n e t  and I am 

c e r t a i n l y  not  uompetent t o  answer t h a t .  

You want t o  aomment, L e v e r e t t ?  

DR. DAVIS: WelJ, I d o n ' t  t h i n k  any of u s  here waul( 

claim t o  be g e o p h y s i c i s t s  o r  experts on dynamic t h e o r i e s ,  so 

t h a t  any answer you ge t  here w i l l  be somewhat uninformed 

speau la t ion .  

The q u e s t i o n  as t o  whether t h i s  r e s u l t  i s  

unexpected o r  n o t ,  i s  r e a l l y  t he  ques t ion :  do you expeot  

Mars t o  have a magnetio f i e l d  l i k e  t h e  E a r t h .  

I t h i n k  t h a t  you w i l l  f i n d  in t h e  l i t e r a t u r e  

ranges of estimates, estimates would be b e t t e r ,  of t he  

Martian magnet ic  f i e l d ,  b u t  i t  i s  a ve ry  orude -- wel l ,  n o t  

orude, b u t  i n c o n p l e t e  ideas and how it  should  r ange ,  iron 

one-tenth t h a t  of t h e  E a r t h  down t o  z e r o ,  and i f  you ask 

people  who are p r e d i c t i n g  one- ten th ,  t h e y  w i l l  sag we were 

g r e a t l y  s u r p r i s e d  and i f  you ask approximately nunerous 

people  i f  i t  was zero, t hey  w i l l  say  j u s t  as ne thought .  

Q D r .  P i c k e r i n g ,  has  P r e s i d e n t  Johnson con tau fed  

you? 

DR. PICKERINO: The answer i s  yes .  I have had a 

ca l l  from t h e  P r e s i d e n t  congratu1,Ating us  on the  success  of 

t h i s  mission. 

I would l i k e  at t h i s  time t o  remind t h e  people  

p re sen t  here t h a t  t h i s  p ress  conference  i s  being o a r r i e d  l i v e  

t o  NASA i n  Washington and I t h i n k  I should  g i v e  t h e  audience  
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i n  washington an  oppor tuni ty  t o  ask some q u e s t i o n s ,  so, 

Washington, do you have any ques t ions?  

Q Yes, w e  do. W e  have Henry Simmons here, I 

b e l i e v e .  

DR. PICKERING: Go ahead, p l e a s e ;  t h e  first ques t io i  

Q J u s t  a ques t ion  on t h e  s c a l i n g  of your p i c t o r i i  

data. You say t h e  range i s  from ze ro  t o  63 i n  t h e  number for 

t he  elements ,  f o r  each element. Which end of the scale i s  

b lack  and which i s  white? 

DR. PICKERING: 63 is black and t h e  o t h e r  end is 

white. 

Any f u r t h e r  ques t ions  from Washington? 

WASHINGTON: No more q u e s t i o n s  from Washington. 

DR. PICKERING: Thank you. 

Q We have some more from Pasadena. 

Would one of t h e  experimenters  exp la in  

what t h e  d i f f e r e n c e  i s  between a magnetic moment and a 

magnetic f i e l d ?  

DR. DAVIS: I suppose I am r e s p o n s i b l e  f o r  t h i s .  

A magnetic f i e l d  i s  the  t h i n g  which makes a 

compass needle  move, is t h e  man i fe s t a t ions  of a magnetic 

moment, a magnetic moment is e s s e n t i a l l y  t h e  sourae  f o r  the 

i ' i e l d .  The reason one t a l k s  about magnetic moment ra ther  

than ab-ut  magnetic ? i e l d  so much i s  t h a t  Mars, having a 

d i f f e r e n t  s i z e ,  when you are on t h e  surface,  you are a 

d i f f e r e n t  d i s t a n o e  from t h e  c e n t e r  of Mars than you are t o  

. 
1 
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t h e  E a r t h ,  and  t h i s  means t h a t  a g i v e n  E a r t h  w i l l  produce 

a d i f f e r e n t  effect .  When we t a l k  abou t  t h e  magnetic moment, 

ne a r e  t r y i n g  t o  emphasize t h e  s t r e n g t h  of  t h e  s i z e ,  When 

we t a l k  about  t h e  magnetic f i e l d ,  we are t r y i n g  t o  emphasize 

the s i z e  o r  t he  e f f ec t .  

Q U n t i l  yes t e rday ,  we had thought  t h a t  up f 0  21 

p i c t u r e s  were coning baak from Mariner .  

r e f e r r e d  c o n s i e t e n t l y  t o  20.  Is t h a t  s i g n i f i c a n t ?  

Today you have 

DR. PICKERING: Yes. 

The p r e c i s e  number of p i o t u r e s  i s  going  t o  

be d e t e r n i n e d  by t h e  p r e c i r e  p a t h  aoross t h e  p l a n e t  which 

w i l l  end up on t h e  n i g h t  a i d e  of the p l a n e t ,  and there  was 

a q u e s t i o n  as t o  whether o r  n o t  t h e  r irst  p i c t u r e  would be 

taken o f f  i n  spaoe b e f o r e  we g o t  t o  t h e  p l a n e t ,  whether t h e  

l as t  one or two w i l l  be taken on t h e  n i g h t  side of the  

p l a n e t ,  

The e e t i n a t e s  are DOW t h a t  on t h e  p a r t i o u l a r  

s t r i p  which we photographed, two o r  three of t h e  f i n a l  

p i o t u r e s  w i l l  be beyond t h e  t w i l i g h t  zone. 

Q Dotbe t h a t  mean t h a t  you have read some 

i n d i c a t i o n  i n  t h e  f irst  frame so far? 

DR. PICKERING: Oh, no. 

Q That  you are looking  a t  the  p l a n e t  i n s t e a d  of 

a t  the  l i m b ?  

DR. PICKERING: Oh, y e s ,  w e  are. In o t h e r  words, 

when t h e  remark was made e a r l i e r  t h i s  morning t h a t  v ideo  d a t a  

, 
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w a s  be ing  r e c e i v e d  and when I p o i n t e d  t o  t h e  t a p e  and said 

the  numbers were changing, t h i s  means i n  fact that  xe sre 

g e t t i n g  v a r i a t i o n s  i n  b r i g h t n e s s  on t h e  v ideo  data and 

t h e r e f o r e  we are see ing  v a r i a t i o n s  i n  t h e  surface of t h e  

p l a n e t .  

Q B i l l ,  I don ' t  mean t o  knock t h i s  p r e s e n t  

success f o r  one seoond, b u t  I wonder i f  i t  is  p o s s i b l e  t o  

answer one t h i n g  on t h e  wires. 

S e n a t o r  Proxmire i s  charg ing  t h a t  you 

cou ld  have g o t t e n  twice as much data and much b e t t e r  q u a l i t y  

p i c t u r e s  i f  NASA had spent more money on ground an tennas  

and l a r g e r  E a r t h  s t a t i o n s .  Is t h a t  so? 

DR. PICKERING: No. 

Q D r .  P i c k e r i n g ,  t h i s  q u e s t i o n  r e g a r d i n g  

e x p e c t a t i o n  of some day a man w i l l  t r y  and g e t  on Mars, t h e  

lack of any magnetic moments, any s i g n i f i c a n c e  i n t o  t h e  

p o s s i b i l i t y  of -- 
DR. PICKERING: Specu la t e  on t h a t ,  Leve re t6  -- 

I t h i n k  t h a t  t h e  p o i n t  w h i c h  D r .  Davis made w a s  t h a t  w e  

b e l i e v e  t h a t  a magnetic moment r e q u i r e s  a c e n t r a l  c o r e  Of 

magnetic material. Now, t h a t  d o e s n ' t  r u l e  o u t ,  l e t s  say, 

t h e  absence of a cent ra l  core. I d o n ' t  t h i n k  i t  would r u l e  

o u t  the presence  of certain magnetiu m a t e r i a l s  d i sbursed  

throug:hou$ t h e  body of the  p l a n e t ,  and indeed,  t h e r e  are m6fiy 

peop le  who b e l i e v e  t h a t  t h e  r e d  on Mars i s  due t o  one of 

t h e  oxides  of i r o n .  
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Q D r .  P i c k e r i n g ,  you mentioned e a r l i e r  t h a t  you 

f e l t  t h e  s t r u c t u r e  ofMars  i s  ve ry  d i f f e r e n t  from t h e  Ea r th  

and t h e  geo log ica l  f e a t u r e s  are more l i k e  t h e  Moon. You mean 

by t h i s  t h a t  you r ega rd  i t  as a dead p l a n e t ?  

DR. PICKERING: I don ' t  t h i n k  I said t h d t .  I t h i n k  

t h a t  L e v e r e t t  Davis said t h a t ,  b u t  maybe you want t o  e x p l a i n -  

a l i t t l e  b i t .  

DR. DAVIS: I w a s  t h ink ing  p r i m a r i l y  of  t h e  i n t e r i o  

a n d  not t h e  s u r f a c e .  The s u r f a c e  of Mars has an atmoerphere 

and the  Moon doesn ' t .  I was r e f e r r i n g  f o r  s p e c u l a t i o n s  on 

i n t e r i o r  geology and I d o n ' t  f e e l  I should  go any f u r t h e r .  

(1 You referred e a r l i e r  t o  t h e  d e n s i t y  of Mars 

being low, I wondered i f  you had a new f i g u r e  on t h e  d e n s i t y  

from the  f l y  by. 

DR. PICELERING: We hope t o ,  i ndeed ,  y e s .  In o t h e r  

words, t h e  a n a l y s i s  of t h e  t r a j e c t o r y  c l o s e  t o  Mars w i l l  g i v e  

u s  new informat ion  about  t h e  mass o f  Mars, and t h a t  a n a l y s i s  

should  be r e p o r t e d  on tomorrow, I t h i n k  we have one more 

ques t ion  and t h a t  i s  it .  

W e l l ,  j u s t  t o  wind up t h e  conference ,  t h e n ,  I 

would l i k e  f irst  t o  make a small c o r r e c t i o n  t o  D r .  Van 

A l l e n ' s  s ta tement  about  tempera ture .  I t h i n k  you are a b i t  

c o l d ,  J i m .  I t h i n k  an estimate i s  t h a t i t  i s  more l i k e  about  

minucP 40 for an average over  t he  i l l u m i n a t e d  d i sc  of Mars. 

I t  i s  cold.  Mars i s  n o t  go ing  t o  have a p l e a s a n t  c l i m a t e ,  w e  

know tha t ,  b u t  I d o n ' t  t h i n k  i t  i s  q u i t e  as c o l d  as Jim i s  
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s p e c u l a t i n g  on. 

F i n a l l y ,  a ques t ion  concerning t h e  photographs 

which we a r e  a l l  anx ious ly  awai t ing .  

As you know, t h e  first photograph w i l l  be 

completely r e c e i v e d  i n  about ano the r  t h r e e - q u a r t e r  of a n  

hour ,  and p r e c i s e l y  when we w i l l  have a photograph and when 

a photograph w i l l  be r e l e q s e d ,  we j u s t  don ' t  know a t  t h i s  

t i m e ,  a l though  we hope t o  be a b l e  t o  s a y  something l a t e r  

towards t h e  end of t h e  a f te rnoon.  

Thank you very  much. 

( P r e s s  Conference concluded a t  1 P.M. 

t h i s  d a t e )  


