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Direct measurements of t h e  i n t e r p l a n e t a r y  magnetic f i e l d  . 

a t  1 A.U. have r e c e n t l y  been made by an experiment' conducted 

on t h e  I n t e r p l a n e t a r y  Monitoring P la t fo rm (IMP-1) The 63 kg 

s p i n  s t a b i l i z e d  s a t e l l i t e  w a s  launched on Nov. 27, 1963 

i n t o  a h i g h l y  e c c e n t r i c  o r b i t  with a g e o c e n t r i c  apogee of 

197,616 km. and an  o r b i t a l  per iod  of 93.5 hours .  The Sun- 

Earth-apogee ang le  w a s  i n i t i a l l y  25O w e s t  of  t h e  Sun and inc reased  

approximately 1°/day due t o  t h e  E a r t h ' s  h e l i c o e n t r i c  motion. 

Success fu l  t r ansmiss ion  of  s c i e n t i f i c  data cont inued  f o r  180 

days  u n t i l  May 30, 1964 when t h e  Sun-Earth-apogee ang le  had 

i n c r e a s e d  t o  201'. The i n t e r p l a n e t a r y  data is based on t h e  

average  magnetic f i e l d  computed eve ry  5 . 4 6  minutes  us ing  1 2  

- s u c c e s s i v e  d a t a  t r ansmiss ions  a t  20.5 second i n t e r v a l s .  The 9 
-_ - 

a b s o l u t e  u n c e r t a i n t y  of t h e  da t a  is less than 0 . 2 5 Y  ( l Y  = 

gauss) . T h i s  l e t te r  p r e s e n t s  the i n i t i a l  r e s u l t s  of a d e t a i l e d  

comparison of  t h e s e  i n t e r p l a n e t a r y  magnetic f i e l d  measurements 

w i th  solar  magnetograph obse rva t ions  of t h e  photospher ic  

magnet ic  f i e l d s  as mnasl~red at t h e  Mt. Wilson Ohservatnrv- ' - 
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Prev ious  space probe measurements2 of t h e  i n t e r p l a n e t a r y  

magnetic f i e l d '  by P ioneer  V i n  1960 were i n t e r p r e t e d  as 

evidence  of a 2 . 5 Y  f i e l d  normal t o  t h e  e c l i p t i c  p lane .  A' 

r e c e n t  r e a n a l y s i s 3  of  t h i s  d a t a  has y i e l d e d  t h e  r e s u l t  t h a t  

t h e  d i r e c t i o n  of t h e  i n t e r p l a n e t a r y  f i e l d  w a s  n e a r l y  p a r a l l e l  

t o  t h e  p l ane  of t h e  e c l i p t i c  and t h a t  t h e  magnitude w a s  between 

5-1OY . 
by t h e  Mariner I1 Venus probe have confirmed t h e  i n i t i a l  

r e s t r i c t e d  r e s u l t s 5  of t h e  Explorer  X s a t e l l i t e  ob ta ined  i n  1961 

and t h e  Lunik I1 moon probe i n  1960. The Mariner I1 r e s u l t s  

showed t h a t  a c o n t i n u a l  f low of plasma, t h e  solar  wind7, exis ted 

r 

The measurements4 o f  t h e  solar  plasma e f f l u x  i n  1962 

6 

with  a n  average s t reaming v e l o c i t y  of 504 km/sec. 

The i n t e r a c t i o n  of t h e  s o l a r  wind wi th  t h e  geomagnetic 

f i e l d  d i s t u r b s  t h e  i n t e r p l a n e t a r y  medium i n  t h e  immediate 

v i c i n i t y  of  t h e  E a r t h  and s p a t i a l l y  conf ines  t h e  E a r t h ' s  f i e l d .  

Thus measurements of t h e  re 1 a t  i ve  1 y undis turbed  i n t e r p l a n e t a r y  

medium by INP-1 are r e s t r i c t e d  t o  t i m e s  c en te red  about t h e  

s a t e l l i t e  apogee and o u t s i d e  the i n t e r a c t i o n  r eg ion .  T h i s  r e g i o n  

is l i m i t e d  t o  about  85,000 km a t  t h e  s u b s o l a r  p o i n t ,  b u t  is n o t  

s p h e r i c a l l y  symmetrical' and in s t ead  broadens o u t  away from she- 
s t a g n a t i o n  p o i n t  and e v e n t u a l l y  t r a i l s  o u t  behind t h e  E a r t h .  

Hence as t h e  o r b i t  of  IMP-1 precessed i n  t h e  s o l a r - e c l i p t i c  

c o o r d i n a t e  system t h e  maximum l e n g t h  of  t i m e  p o s s i b l e  f o r  
1 

measurements of t h e  i n t e r p l a n e t a r y  medium decreased  from about  -- 

3 days  du r ing  O r b i t  1 t o  1 day on O r b i t  22. The i n t e r p l a n e t L r y  

magnetic f i e l d  d a t a  ob ta ined  dur ing  t h i s  . p o r t i o n  of t h e  I'D-1 

- .  
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l i f e t i m e  were d i s t r i 3 u t e d  over  t h e  t i m e  i n t e r v a l  Nov. 27, 1963 

t o . F e b .  17,  1964 cover ing  t h e  t h r e e  s o l a r  r o t a t i o n s  1784 t o  

17S6. 

The i n i t i a l  r e s u l t s  of t hese  measurements are  c o n s i s l e n t  

w i t h  t h e  g e n e r a l  model' of an  i n t e r p l a n e t a r y  f i e l d  of so la r  

o r i g i n  i n  which t h e  e f f e c t s  o f  a r a d i a l  s o l a r  wind v e l o c i t y  

and t h e  so l a r  ro t a t ion  combine t o  produce magnetic l i n e s  of ' 

force which are t w i s t e d  i n  t h e  p l ane  of t h e  e c l i p t i c  i n  t h e  

1 

form of an Archimedes s p i r a l .  F igu re  1 summarizes t h e  o r i en -  

t a t i o n  h is tograms f o r  t h e  i n t e r p l a n e t a r y  magnetic f i e l d  data. 

The angu la r  d i s t r i b u t i o n  o f  the  f i e l d  component i n  t h e  e c l i p t i c  

p l a n e  is shown on t h e  le f t -hand  s i d e  wi th  an angu la r  increment 

of 20° selected on t h e  basis of a n u n c e r t a i n t y  of d i r e c t i o n  of 

l ess  t h a n  5O f o r  each 5.46 minute average.  A t o t a l  of  12,510 

data po ' ints  were ob ta ined  dur ing  t h e  S3 day i n t e r v a l  covered 

by t h i s  d a t a .  

p a r a l l e l  or a n t i - p a r a l l e l  t o  t h e  t h e o r e t i c a l  ang le  ('L 1350) 

proposed by Parker' is c l e a r l y  i n d i c a t e d .  

The 'dec ided  tendency of t h e  f i e l d  t o  be o r i e n t e d  

The asymmetry between 

t h e  o p p o s i t e l y  d i r e c t e d  f i e l d s  is p r e s e n t l y  be ing  i n v e s t i g a t e d .  

The f i g u r e  a l so  i d e n t i f i e s  those sectors i n  which t h e  d i r e c t g n -  

of t h e  f i e l d  is predominantly away from t h e  Sun (0 = 90° t o  230°, 

" p o s i t i v e "  d i r e c t i o n )  and those  i n  which t h e  f i e l d  is predom- 

i n a n t l y  towards t h e  Sun (0 a 270° t o  50°, "negative" d i r e c t i o c )  . 

\ 

A l s o  shown i n  F igure  1 is t h e  angular  d i s t r i b u t i o n  of t h e  f i e l d -  

component perpendicular  t o  t h e  e c l i p t i c  p l aze .  T h i s  i l l u s t r a t e s  

t h e  tendency of t h e  nearby i n t e r p l a n e t a r y  f i e l d  t o  be d i r e c t e d  

n e a r l y  p a r a l l e l  t o  t h e  e c l i p t i c  p l a n e ,  a l though a 
4 
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s l i g h t  bu t  d i s t i n c t  southward d i r e c t e d  component is appa ren t .  

These  f a c t s  sugges t  t h a t  magnetic f i e l d  f i l a m e n t s  e x i s t  ia 

t h e  i n t e r p l a n e t a r y  medium. The average f i e l d  magnitude is ' 
. 

close t o  5 Y  and r anges  p r i n c i p a l l y  between 3 - 6 Y  . 
For d i r e c t  comparison w i t h  t h e  s o l a r  magnetograph data .  

t h e  IMP-1 d a t a  h a s  been averaged over  a 12  hour i n t e r v a l .  

Each such i n t e r v a l  w a s  d iv ided  i n t o  4 s u b i n t e r v a l s  which were 

a s s igned  a p o l a r i t y  on t h e  basis of t h e  d i r e c t i o n  of t h e  most 

f r e q u e n t  occur rence  of t h e  i n i t i a l  5.46  minute averages .  If 3 

or  4 of t h e  s u b i n t e r v a l s  were of t h e  same p o l a r i t y  t h e  12 hour 

i n t e r v a l  w a s  ass igned  t h a t  p o l a r i t y .  O the r  p o s s i b l e  r e s u l t s  

. i n c l u d i n g  incomplete d a t a  coverage were cons idered  too ambiguous . .. 
and were n o t  ass igned  any p o l a r i t y .  

was t o  obtain t h e  l a r g e  scale p o l a r i t y  d i s t r i b u t i o n  of t h e  

i n t e r p l a n e t a r y  magnetic f i e l d .  These ILIP-1 d a t a  were f i r s t  

The purpose of  t h i s  procedure 

examined f o r  evidence o f  a 27 day r ecu r rence  p e r i o d ,  on t h e  

assumption t h a t  t h i s  would be a measure of t h e  solar  i n f l u e n c e  

_.-_ 

on t h e  measured i n t e r p l a n e t a r y  f i e l d .  A prominent peak wi th  

an ampli tude of 0.55 + - 0.05 i n  t h e  au to-cor re la t ion '  curve . . 
w a s  observed a t  a l a g  of  about 27 days.  I t  was observed t h a t  1 

. i f  t h e  f i r s t .  8 days of IMP obse rva t ions  ( inc lud ing  t h e  magnetic 

storm of Dec. 2, 1963) were omitted,  t h e  remaining data y i e lded  

a 27 day a u t o - c o r r e l a t i o n  peak wi th  an . ampl i tude  of about  

0.85 + - 0.10. Therefore  t h i s  75 day i n t e r v a l  of d a t a  w a s  s e l e c t e d  

f o r -  f u r t h e r  a n a l y s i s  on t h e  assumption t h a t  t h i s  reai-esented 2 
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per iod  of t i m e  i n  which t h e  l a r g e  scale f e a t u r e s  of  t h e  

i n t e r p l a n e t a r y  magnetic f i e l d  were q u a s i - s t a t i c .  

D r .  Robert  Howard of t h e  M t .  Wilson Observatory k i n d l y  
, 

made a v a i l a b l e  the  d a i l y  s o l a r  magnetograms t h a t  were ob ta ined  

wi th  t h e  solar’magnetograph . With t h i s  ins t rument  t h e  photo- 

s p h e r i c  magnetic f i e l d  is measured u t i l i z i n g  t h e  l o n g i t u d i d a l  

10 

Zeeman e f f e c t .  

(averaged over  an  area on t h e  Sun of 4 x 10’ km2) i n  t h e  obser-  

v a t i o n s  used i n  t h i s  no te .  Each magnetic r eg ion  occupied an 

The minimum d e t e c t a b l e  f i e l d  w a s  2 gauss  

a p p r e c i a b l e  p o r t i o n  of t h e  v i s i b l e  d i s k  ( i . e .  t h i s  no te  is n o t  

d i r e c t l y  concerned wi th  t h e  much s t r o n g e r  bu t  much more local-  

i z e d  f i e l d s  a s s o c i a t e d  with sunspo t s ;  

f l a res  a l so  do not  e n t e r  i n t o  t h i s  a n a l y s i s ) .  

(ou t  of o r  i n t o  t h e  Sun) of t h e  photospher ic  f i e l d  at t h e  ‘ c e n t e r  

d i s c r e t e  e v e n t s  such as  
* 

The d i r e c t i o n  

of t h e  v i s i b l e  d i s k  w a s  ass igned  a p o l a r i t y  (p lus  o r  minus) 

d u r i n g  t h e  t h r e e  solar r o t a t i o n s  of i n t e r e s t .  An inc rexen t  of 

6.7O i n  l ong i tude  (corresponding to t h e  so la r  r o t a t i o n  i n  12 

hours) and of loo i n  l a t i t u d e  w a s  chosen. 

f i e l d  d i r e c t i o n  i n  an inc remen t  of area w a s  zmbiguous and such 

Occas iona l ly  t h e  

an  area w a s  omi t ted  i n  t h e  a n z l y s f s .  There z r a  ZLSO S Z ~ S  ir;- . 
t h e  photospher ic  d a t a  f o r  about 25 days caused by weather 

c o n d i t i o n s  a t  M t .  Wilson. A c r o s s - c o r r e l a t i o n  between t h e  1;s-1 

f i e l d  d i r e c t i o n  and t h e  solar f i e l a  d i r e c t i o n  w a s  t hen  computed. 

--. 

The computation was r epea ted  a t  5 O  i n t e r v a l s  f o r  l a t i t u d e s  

from 25ON t o  2 5 O S  of t h e  c e n t e r  of t h e  v i s i b l e  d i s k .  
-. . 
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Three  such c r o s s - c o r r e l a t i o n s  are shown i n  F igu re  2 as  

a f u n c t i o n  of t h e  t i m e  l a g  from cen t r a l  meridian passage of 

t h e  photospher ic  f i e l d  a r e a  t o  t h e  t i ne  t h e  field was mezsurbd 

by Il!P-A. 

44 days is common t o  a l l  of the  l a t i t u d e s  examined. 

s e v e r a l  of t h e  photospher ic  f i e l d  r e g i o n s  have a c o n s i d e r a b l e  

e x t e n t  i n  l a t i t u d e  t h e  l i m i t e d  data sanp le  a v a i l a b l e  does  n o t  

The prominent p o s i t i v e  peak a t  a lag of approximately 

Because - 

permi t  a s t a t i s t i c a l l y  s i g n i f i c a n t  de t e rmina t ion  of  t h e  so l a r  

l a t i t u d e  a t  which the  b e s t  c o r r e l a t i o n  wi th  INP is obta ined .  

The peak i n  t h e  c o r r e l a t i o n  a t  a l ag  of 49 t- 3 days  would corre- 

spond t o  an  average r a d i a l  s o l a r  wind v e l o c i t y  of 385 5 45 km/sec. 

The average r a d i a l  s o l a r  wind v e l o c i t y  over  t h e  f i r s t  seven IMP 

o r b i t s  measured by t h e  MXT plasma d e t e c t o r  experiment'' w a s  398 

- 

. km/sec. 

The l a t i t u d e  of t h e  photospheric  source  of t h e  i n t e r p l a n e -  

t a r y  magnetic f i e l d  has  been i n v e s t i g a t e d  by c e a n s  of t h e  d i f f e r -  

e n t i a l  r o t a t i o n  of t h e  photospheric  magnetic f i e l d .  F igu re  3 

shows t h e  r o t a t i o n  pe r iod  as  a f u n c t i o n  of l a t i t u d e  a s  determined 

from a u t o - c o r r e l a t i o n s  of  t h e  photospheric  f i e l d  d a t a  p r e v i o u s l y  . - 
descr ibed12.  Also shown is the. r ecu r rence  pe r iod  determined frdn -- 
au to . - co r re l a t ion  .of t h e  -1BIP data .  Th i s  comparison s u g g e s t s  th27; 

t h e  l a t i t u d e  of t h e  photospheric  source  of t h e  i n t e r p l a n e t a r y  

f i e l d  w a s  w i th in  10 or 15 degrees  of t he  c e n t e r  or" t h e  v i s i b l e  
- 

d i s k  (or of t h e  equa to r ;  the. p re sen t  a n a l y s i s  cannot  mzke a . ~ 

d i s t i n c t i o n  between t h e  t w ) .  
-, . 



. .  

. *  

- 7 -  

These  r e s u l t s  i n d i c a t e  t h a t  d u r i n g  three s o l a r  r o t z t i o n s  

near t h e  m i n i m u m  of t h e  solar  c y c l e ,  some of t h e  rnzgnelic 

f i e l d  l i n e s  pas s ing  through the photosphere nea r  t h e  c e n t e r  . 
of t h e  v i s i b l e  d i s k  tended t o  be dragged o u t  by t h e  s o l a r  wind  

plasma t o  become p a r t  of t h e  near-by i n t e r p l a n e t a r y  magnetic 

f i e l d .  

f i e l d  was i n  t h e  same d i r e c t i o n  throughout an area cor responding  

t o  a t  l e a s t  two or  t h r e e  days r o t a t i o n .  These conclus ions  are 

c o n s i s t e n t  wi th  t h e  model suggested by Ahluwalia and Dessler 13 

# 

- 

The b e s t  c o r r e l a t i o n  was ob ta ined  when t h e  photospher ic  

. .  i n  which t h e  sense  of  t h e  i n t e r p l a n e t a r y  magnetic f i e l d  f i l a m e n t s  

is r e l a t e d  t o  t h e  sense  of photospher ic  magnetic f i e l d  r eg ions .  

We thank Dr. Robert  Howard for making t h e  so la r  magneto- 

grams a v a i l a b l e ,  and Dr. Boward and Dr. V. Sumba f o r  s e v e r a l  

v a l u a b l e  d i s c u s s i o n s .  

t h e  M t .  Wilson Observatory for g u e s t  i n v e s t i g a t o r  p r i v i l e g e s  a t  

One of u s  (JXW) thanks t h e  d i r e c t o r  of 

t h e  observa tory .  



FIGUXE CAPTIONS 

Fig.. 1 D i s t r i b u t i o n  of t h e  i n t e r p l a n e t a r y  magnetic f i e l d  

d i r e c t i o n  i n  t he  p l ane  of t h e  e c l i p t i c  and nom 

t o  t h e  e c l i p t i c .  Both his tograms show t h e  f i e l d  
, 

angu la r  d i s t r i b u t i o n  per u n i t  s o l i d  ang le ;  t h e  dashed 

c i rc les  would correspond t o  an i s o t r o p i c  d i s t r i b u t i o n  

of t h e  same number of vectors .  

F ig .  2 ‘Cross -co r re l a t ion  between IMP magnetic f i e l d  d i r e c t i o n  

(toward or away from t h e  sun) and t h e  photospher ic  

f i e l d  d i r e c t i o n  ( i n t o  or out .  of t h e  sun) f o r  three 

l a t i t u d e s  on t h e  sun.  The p o s i t i v e  peak a t  about  

4$ days would correspond t o  a uniform rad ia l  s o l a r  

wind v e l o c i t y  of about 385 km/sec. The nega t ive  

peaks a t  -3$ days and +13 days can be understood i n  

terms of a q u a s i p e r i o d i c i t y  i n  t h e  data.  The l a t i t u d e s  

are measured from the c e n t e r  of t h e  v i s i b l e  d i sk .  

F ig .  3 D i f f e r e n t i a l  r o t a t i o n  pe r iods  of t h e  photospher ic  

magnetic f i e l d .  The l a t i t u d e  of t h e  photospher ic  

obse rva t ions  is measured from t h e  cen te r  of t he  v i s i b l e  

\ d i s k ,  whose average he l iog raph ic  l a t i t u d e  was 30s -_  

dur ing  t h e  t ine considered here. The e r r o r  bars were 

e s t i m a t e d  by d i v i d i n g  the  d2ta i n t o  three p a r t s  and 

ana lys ing  each s e p a r a t e l y .  The s o l i d  l i n e  is from the  

sunspot  obse rva t ions  of Newton and Xunnl3. The arrows . 

a t . t h e  l e f t  i n d i c a t e  t h e  W? r ecu r rence  p e r i o d ;  t h e  . 
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t h e  heavy arrow was computed using 

a l l  t h e  data  and the l i g h t  arrows represent a ... 
d i v i s i o n  of t h e  data into thrac ---+ -J&* us. 
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