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GEOMAGNETIC ACTIVITY :

DEPENDENCE ON SOLAR WIND PARAMETERS

by Leif Svalgaard

I n s t i t u t e  f o r  P lasma  R e s e a r c h

S t a n f o r d  U n i v e r s i ty

1. THE MAGNETOSPHERE

The magnetized collisionless solar wind plasma c i n -

f i n es th e magne t ic f i e l d  of the ear th ( and  o t h er so la r

system bodies ) to a region around the planet called a

r-a.inetosp here. Alternativel y we could say th at t h e

planetary magnetic field excludes the solar wind from

the planetary environment. The confin ement of the

field or the exclusion of the solar wind plasma is not

perf ect , however. Due to particle gyration , the twc—

p l a H n - F regimes overlap slightly thereby allowing signi-

tican t mutual interaction . In sp i t e of ~‘xtensive ef-

fo rt~- F there is still no satisfactory phy sical theory

of t h e  int eraction between the solar wind and the

r.agnetosphere . In the broadest terms it seems t li i t

t i ’ .o m-i gnr’tosphere may be described as a resist iv .- -

•i n l  ther efore di ss i pative — element in in electrical

ci I ! ‘Cu i I J r  ~w I ng it pow -r I rom the k i not i c eti”i’p y of

t l ir’  ; t r r ’ d m  I r i~ so l ar  w i n d  plcm i’ ; r ~a . The I e i i d r n cy  Of  
01



p l a s m a  tn  r ea c t  in  h i g h l y  d i s s i p a t i v e  — V e T - ,’ ‘ I f  t r i ~~ i

exp l o s i v e  - ways  to any c h a n g e s  i n  h o u n d i r y  c on d i t io n s

is w e l l - k n o w n  f r o m  l a h n r -a t o r y  e x p e r r n e n t s  and  i s  a l so

amply  m a n i f e s t e d  in  t he  m a g ne t o s p h e r e  as i t  c o n t i n u -

o u s l y  r e a d j u s t s  i t s e l f  to th e  e v e r cH n g i n g  so la r  w i n d .

In  a s e nse  the  m a g n e t o s p h er e  is a c o n t i n u ir u ~
p lasma p h y s i c s  e x p e r i m e n t .  The p lasn a  p a r a m e t e r s  as

wel l  as t h e  b a s i c  g e o m e t r y  of t h e  e x p e r i me n t  v a z y  on
m a n y  d i f f e r e n t  t i m e  sca les .  N o n i t o r i n g  of the  exper i-

m e n t  is p r o v i d e d  by o b s e r v a t i o n s  of g e o m a g n e ti c  ann

auroral activity, and r e c e n t l y also by m e a su r i r . g di-

rectly the relevant external plasma parameters.

I t has be en es ta b l i s h e d  tha t  geomagne t ic ac t i v i ty
i nd eed can be used as a me asu re of sol ar w i n d  p

~-

r-ameters , and we are now in  t h e  p o s i t i o n  of b e i n g

able to “c a l i b r a te ” the experiment. It has long

been recognized that “certain restricted areas of

the Sun ’s su rface are responsible for terrest rial

magne t ic d i s tu rbances ” (Bartels , 1932) which then

“y i eld suppl emen tary  i n d e p e n d e n t i n f o r m at ion ab lu t
Solar conditions ” .

Pene tra t ion of a s tr eam i n g  p lasma into a region of

strong magnetic field may be considered to take place

in a way ly ing  b e t w een the f o l l o w i n g  two ex t remes :
1) The p1 sm a is  comple te l y diam agnetic and Excludes

~~ t h e  f i e l d  f rom i ts in ter i o r  by flowi ng around the

i old reg in n , or 2 )  The p l a sma  t o n i i r i s  non—di aniag —

ii~~tjC ac; it encountern t h i n  m a g n e t i c  fi eld and ~- r- ;sses

it by m eans of an electric po l ari s i ti ’rt .in i co re - —
s~’on’1ing EXB d r i f t .  The fir s t v iewp- ’ i r c l la s i i i

t hen succ°ssfully cm ~ .ed to  d C , U 1 I I I F t  for the Par ; i ~~
‘ ,‘ y —

jslence is  well as f o r  the apt ’r si r il.r t . -  i r ~ i i  C i i ’ .

2
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of t h e  m a g n e t o s p h er e , b u t  f a i l s  in p r o v i d i n g  a

p h y s i c a l  basis  f o r  g e o m a g n e t i c  a c t i v i t y  and d i s t u r b -

ances. The second extreme seems to account for the

behavior of laboratory plasma streams (e.g., Baker

and Hammel , 19 6 5 )  arid may be a p p l i c a b l e  to t h e  mag-

netosphere as well (E a s t m a n  et a l . ,  1976 ).

C o n s i d e r  a plasma s t r eams  m o v i n g  i n t o  a s t rong  uni-

f o ro  m a g n e t i c  f i e l d  normal  to t h e  plasma v e l o c i t y
r.’ec tor .  A s c h e m a t i c  c r o s s - s e c t i o n  is  shown in F i g u r e

1. The e f f e c t  of t h e  L o r e n t z  V X B  f o r c e  is canceled

by t he  a c t i o n  of an e l e c t r i c  f i e l d  E - VxB that , if
i t i s  no t a l ready p r e s e n t , will be produced by a sligh t

- t - a r g e ses-aration in the  p lasma caused  by the  L o r e n t z

fo rce deflecting ions and electrons in opposite di

r - r -’ c t ; on s.  Now the plasma can move across the ma~~net-

ic fi el I due to the w€il -known E< B drift. Electro-

s tatic repulsion will tend to spread the polarization

charge layers laterally along the magnetic field lines.

I f  the f i e l d  l i n e s  pass t h r o u g h  a good conduc tor as
st- own in Figure 1 , the polarization charge can be r.cu-

trili sed an-I the plasma stream will consequently be

stopped or retarded . The depolarizing current along

the field lines can thus serve to transfer momentum

f rom t h e  plasma stream to the conductor.

Figure 2 shows this model app lied to the magneto-

sphe re. As the solar wind plasma stre~ins over  the

pol ar rocions the dawn side of the magnetosphere be-

comes p o s i t iv e l y  c h a r g e d  and  t h e  d u s k  s~~’ Ie becomes
nr’~~~tive 1 y charged by the VxB force. Depolani~~in -~
cu rrent-; along h igh -la fitu le magnetic field lines

close through the pelar ionosphere hence isip ar tin g

of tb ’. o solar W l f l - i  ‘ - ‘~~ - n t i ; s t o  ~j ie i on e ;p h . ” i c
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B

CONDUCTOR

Fi gure 1. Schem atic of a p lasma s t r eam
moving into a transverse magnetic field B.

The polarization electric field E - VxB

follows from a charge separa tion in the

plasma . The charge layers can spread along

magne tic field lines (the current i )  and

may be neutralized if a good conductor con-

nects the two spreading charge layers.

N and magn et os p h e r i c  plasma and producing a magn eto-

sp he r i c  bou n d a r y  layer of r e t a rded  solar w i n d  plasma.

The geomagnetic field lines through the boundary

layer become stretched downstream forming the magneto-

tail. Thus , the magnetosphere acts like a magneto-

h y f r o - l y n a m i c  g en e r a t o r , c o n v e r t i n g  k i n e t i c  n o r g y  o f

It; no,)5O5, 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



m o v i n g  p lasma i n t o  e l e ct r i c a l  ene rgy  w h i c h  t h e n  ul-

timately is d i s s i pated within the magnetosphere or

in the boundary layer. When the northern and southern

par t s  of the boundary layer meet downstream of the
e a r t h , p lasma reg ions w i t h  o p p o s i t e l y  d i r e c t e d  magnet-

ic f i e l d  l i n e s  are b r o u g h t  t o g e t h e r  and may r e c o n n e c t

e x p l o s i v e l y .  The resulting “magnetospheric fireball”

(Frank et al., 1976) is a source of energetic par-

t icl es w h i c h , if preci pitated into the earth’s atmo-

sp here , produce the often spectacular auroral dis-

pla ys associated with geomagnetic disturbances.

—

® ( -- 
~~~ eE 

— —

B

Fi gur e 2. The model shown in Figure 1 as

applir’ -] to thi ~ magn etosphere. Depolarizing

currents along high-latitude magnetic fie ’I - I

1 in” c; close through the polar ionosphere.

5
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In  t h i s  v i e w  ~- t  t h e  so la r  w i n d  — rr~a g n e t osp }ie n - o

interaction , geomagnetic activity is considered to

be the m agnetic effects of currents around and afn~ve

the e a r t h  ( w h i c h  may in turn induce currents inside

the earth). These currents are partl y associa ted

w i t h  t h e  d e p o l a r i z a t i o n  of th e  m a g n e t o s p h e r i c  b -uund-

ary layer bu t to an even greater and more important

- 

1 
extent they are induced by rap idl y c h an g i n g  magne t i -

field configurations ( e . g .  in m a g n e t o s p h en i c  f i r eb ~~~l

e v e nt s ~ as the  s t r e s s e d  m a g n e t o s p h e r e  g i v e s  way a:

re~ to a lower  ene rgy  s t a t e .  As t he  bas i c  i n te r -

transfer of momentum from the solar wind

. . i g ne t o s p he r i c -  and ionospheric plasma , we w o u l d
-,,~u i t e  g e n e r a l l y  expec t t h a t  geomagn et ic a c t i v i ty
should increc se with increasing momentum flux of the

so la r  w i n d  i m p i n g i n g  on t h e  e a r t h’ s m a g n e t i c  field.

Any fu rther solar wind parameters tha t could enhance

the coup ling to the magnetospheremight similarly be re-

spon s i b l e  f o r  add i t i onal  e n h a n c e m e n t of geomagne tic

ac tivity.

2 .  ~ E L F V A t I T  PARAMETERS OF THE

SOLAR W I N D  - CA C C E T C C P f t C R E  I N T E R A C T I O N

The i n i t i a l  e n t r y  of solar  w i n d  o n t o  g e o m a g n e t i c

f i e l d  l i n e s  seems to depend  on the  d i r e c t i o n  of t h e

interplanetary magnetic field (Cole , 19Th ; Bahnsen

and ~[onsen , 1976). In tact , the boundary layer is

observed to be much thicker at times when the inter-

plane tary magnetic f i n - I - -I has a large s o u t h w a m ” d  corn-
p n c -n t (Sckop k e e  -il. , l’-~76). Over ri-glans of the

r: .dgn””opau e where t t i r - - magne T i c I I el i:’; out:: ide and 

3?~-.~ ;ygp.-~ -~ - ‘i. ~~~~ 
,5,~-~~~~~~~i _ ;~~~~~~~~



in- n i- f e the boundary are parallel , plasma flow is per-

m i t t ~~d across the boundary entailing an electric field

tangential to the magnetopause. A plasma particle

that h-a s an initi al guiding center velocity , carrying

it across a boundary between magnetic fields of dif-

ferent direction , will continue its motion when the

two fields have a parallel component but will be re-

flecte- l back when the magnetic fields on either side

c-f the boundary have an anti-parallel component. In

loose terms we may say that the solar wind plasma can

penetrate deeper into the geomagnetic field at places

where the field direction is the same as the direction

of the interplanetary magnetic field embedded in the

:;olar w i n d  because it takes longer f o r  the  p lasma to

realize that something is wrong . For anti-parallel

f i e ld s , i n i t i a l  d r i f t s  t o w a r d s  t h e  b o u n d a r y  a c t u a l ly

result in a removal of plasma from the opposing mag-

netic field lines. As pointed out by Cole (l~ 7~~)

this will tend to cause vacuum connection or merging

of geomagnetic and interplanetary magnetic field lines.

Vacuum connection is not associated with electric

fields or particle energ ization . Turning a toy magnet

in the earth’s magnetic field causes a continuing

change  of t h e  t o p o l o g y  of t h e  f i e l d  a r o u n d  t h e  t -  y

n~~g n e t  w i t h o u t  e l e c t r i c a l  e f f e c t s .  Solar  w i n d  p la :~ma

can  now e n t e r  t h e  m a g n e t o s p h e r e  a lon g  the  n e w l y  cn n -

nec t ed  t ic . ld  l i n e s  as t h e y  a r e  c o n v e ct r ’d  d o w n s t r ° a m

dfld t h u n  i n ’~r e a s e  t he  t h I 1 C L f l C S S  and  n n • : t e n t  of t h e

b o u n d a r y  la ’,- er .  T h e r e  is experimental evidenc e that

tro th he c r o s s — f  j eF f  — f  I t  f u s i o n  and t h e  cann ot Ic mec’g—

i r :o  lii ~cun5E 1 abovr’ arc’ operating s imnirl t anecu - I y

( E ”  i f  f ‘ • , I ‘~7’I ) - In  a’Id it ion t o  t ~~r -  th i c~ -~r; I

7 
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of tb:- b o u n d a r y  l a ye r ’ , m a g n e t i c  f l u x  is  a lso  b e i n g

t r a ns f e r r ed frc::: t b - - dayni’:ie magnetosphere to the

tail region by the merging process. This in turn

leads to increased frequency and intensity of re-

connective events withi n the downstream magnetosphere

resulting in enhanced geomagnetic activity.

The number of interplanetary magnetic field lines

tha t are brought up to the magnetosphere per unit

time and unit area depends on the product of the ma,:-

netic flux density B and the solar wind speed V.

A geometrical factor depending on the angle between

the interplanetary magnetic field and the geomagnet-

ic field determines how much of the flux can merge.

This factor is largest when the two fields are anti-

parallel at the front of the magnetopause and decreases

to zero for exactly pirallel fields . Observations

(Fairfield , 1967) show that the interplanetary mag-

netic field is “draped” around the nose of the mag-

netosphere as shown in Figure 3. The draping does

not change the latitude angle of the field signifi-

cantl y. The result is then that the magnetic field

just outside the magnietopause is tangential to the

magnetosphere surface - directed from dawn to dusk

in case of an ideal “away ” polarity interplanetary

magnetic field and from dusk to dawn in case of to-

ward polarity . In add ition the field may m a k e  a non-

zero latitude angle with the ecli ptic. We note that

for nega tive latitud e angles (southward fields) con—

d i t i o n s  a r e  f a v o r a bl e  f o r  m e r g i n g  a t  the nose of the

magnetosphere an t also favorable icr cross-field dif-

f u s i o n  i n t o  t h e  m a g n e t o s p }-;e r - e ove r t i e  i: i ld r  reg i o n s .

- ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~



DAWN

SUN —

F i g u r e  3 .  E q u a t o r i a l  p l ane  v i e w  of t he  o b s e r v e d
d r a s in g  -of the interp lanetary magnetic field

around the nose of the magnetosphere. The sit-

ua~~ion is shown here for “away ” polari ty.

th- m ain effect is that the interplanetary mag-

ne tic field at the dayside magnetosphere is

largel y parallel to the magnetr~pause.

The g e o m a g n e t i c  d i pole is roughly perpendic ular to

the solar win d velocity vector (implied in Figure 2).

Qu ali tatively , t seems reasonable tha t the exclusion

Di solar win - I p1-i - ma from the terrestrial environ-
- ‘t nt dep~’n-ls in come w i v  on the angle ~ between the

~:olar w ind flow direction and the di pole axis because

t i l O  cagrlc’ ’ is f i r - t i  seen by the solar wind is w - -it es t

- 
~~
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wh en -, 90 ° . ‘The -~r;gle - ‘ v a r i e s  b o t h  s e a s o na l l y

(9fl ° ±23 ?5 ) anl -diur nall y (~~ll~~5) due to the 23?5

a c g l - - b t .,;een t h e  e a r t h ’ s e q u a t o r  and t h e  e c l i p t i c

a n !  because the di pole axis is inclined ll~~5 to the

rotation a;’:is. It is thus likely that such varia-

tions of the geometry of the magnetospheric “plasma

physics experime nt ” could influence the coupling

ef f i c i e n cy .  There are , in f a c t , observed variations
in the am-:-unt of geomagnetic activity that closely

follow varia tions of the dipole inclination -
~~~.

These are first of all the classical semi-annual

variation of the activity, first recognized by

Sabine (1856) , and’ secondly the Universal Time var-

i a t i o n  f u n d  by M c I n t o s h  ( 1 9 5 9) .  G e o m a g n e t i c  a c t i v i t y

seems  f- c be la og e s t  w h e n  the dipole axis is perpen-

~i c ul ar  to  the solar wind flow direction .

We have identified several solar wind - magneto-

sphere parameters that are important for the genera-

tion of and possibl y m o d u l a t i o n  of geomagnetic activ-

ity. In t h e  following summary we discuss how funda-

c e n t a l  p r o p e r t i e s  of t h e  so la r  w i n d  e n t e r  i n t o  t h e

g e am a gn e n i c a l l y a c t i v e  p a r a m e t er s .

1) Th~: density of the solar wind momentum flux

(the dyn amic pressure) is given b y p V 2 w h e re  P 15

t h e  mass -lensity an-i V is the solar wind speed .

Often the proton number den~~it v , n~ is used as a

parame ,~~r largel y proporti onal ~~ ~ ‘
~ he !Ielium

cont ent of t h e  solar w in J  v ie m € - s an-I can at times

be qui T e high and con ’ ribu f - - s i g n i t i c - r n t l y  I - .

2) The influx of r~ c-g ing in t or p ldri ~~tar ’)’ m agn etic :

f id I u n - -s is DV per U f l L I  length -icro sn t h r  m; i ’t : o

of the - nlgn ’t o c :Cem-o times a geome tri d 1 , 1 IOi ’

i i)  
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q (  ~) wher-e a is the angle between the directions

of  t h e  - d r a p e - -i i n t e r p l a n e t a r y  f i e l d  and of t h e  goc-

m agnetic field at the dayside magnetopause (see also

Figure 18). The qu~~ntity B is the magnitude of

t h e  i n t e r p l a n e t a r y  magnetic field. The geometrical

factor also includes the variation of the efficien-

cy of cross-field diffusion of solar wind plasma

with the angle a. It is worth pointing out that

m e r g i n g  and cross-field diffusion takes place in

d i f f e r en t  r eg i o n s  on t h e days i de m ag n e topause  bu t
t h a t  t h e y  bo th  depend  in  a p pr o x i m a t e l y  t h e  same

way on i i.

3) As geomagnetic activity and solar wind param-

eter: often are expressed as time averages over

some interval , e.g. one hour or three hours , and

since the relations between them are non-linear in

many cases , the variability of the solar wind must

be taken into account. This is particularl y impor-

tint for the direction of the interplanetary mag-

netic field. It has been suggested that the varia-

bility itself may contribute to geomagnetic act iv-

ity (Holzer and Reid , 1975). Because the time fluc-

tuations are most pronounced for the d ire c tzor ~ of

the interplanetary magnetic field , the following

ratio will he taken as a measure of solar wind

variability en the time scale involved (a few }:c~~rs):

e r / B , where

+ u ,~ ( 1)
i s  t h e  t -  t~~~ ‘ - i n  i - -1 n- ’: comp uted an the sum of the

v , l r i a r r c ’ - s  for cacti com ponen t  of the interpi in ” t - -;:-v

rn-ign~- ? is 1 1 . 1 1 .

I i

I

_ _ _ _ _ _ _ _ _  _ _ _ _ _  —~~~
-
~~~ 
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L~ ) F i r ;  dlv we r emark t h a t the g e o m e tr y  c-I - i  d i p

lar ‘n agne Ic field i n v o l v e s  t h e  “ cola~~i t u d - ” in

tPo tO r i ; (1 + :~ cos 2
~~

) w h i c h  e n t e r s  i n t o  t h e  son,

emp i r i c a l  -- d e s c r i p t i o n  of t h e  v a r i d ti o n  of a c t i v i t y

w i t h  t h e  -d ip o l e  i n o l i n a ti o n  ~~~.

The i de~~~ wa ’, ’ of s t u d y i n g  a p h e n o m e n o n  ~~~~~~~~~~~~~~~
on s e v e r - a l  p a r a n - :t e r s  w-~c ;bd be to l e t  on l y one pa r -am-

e t-~r v a r y  at  - i  t i m e .  T h i s  i d e al  can o f t e n  be s ic .c -

l at e d  i i  e n o i ’ gt i  o b s e r v — i t i o r ~al  — l a t a  i s  a va i l a b l e  b y

g r o u p i n g  t r e  i- at a  i n t o  se’J e t’~ l~ c l a s s e s  i n  s u c h  a w c ’ y
c h a t  w i t h i n  each :  c l a s s  t h e r e  i s  onl y a :~l i ght v r r - i a —

t ion of a l l  t h e  p a r a m e t e r s .  The  num b er- 1,n r , : -~~
.-  m i - , ’

bc decreased if some of t h o  :a~’arr,eters a:’~ - u y, - -e; no-

lated (or o:i y weaPly c or r e l a  t - - t )  i n  wh i h i  c i - n  —

age v a l u e s  of t h ese  n a r a r n e t e r s c-a n be u s —  I .  We c f i - ~ll

e c nl o y  t h e  g r o u p i n g  t e c h n i q u e  e x t e n s i v - - T y  i n  t h r -

p r e s e n t  s tu d y .

3.  GE-ttIACII ET IC A - C T T V T r ”

,C t , :u t  ice  su n sp o t  c y cl e  w o r t h  of i n t e r - p l a n - - t a r ’ ;  s-~ i -~r

c - ; i n t  d a t i  i s  a v a i l a b l e  t h r o u g h  t h e  I~ -, t I o n s l  5~ iv-

C c i e n c e  t u t u  Cent er - (e.g. , King , l 1 7 n- ) . This in L u 1 e ~ -

~ - - t h  m , -i, ’ r e t j c  f i e l d  - I i c e  a r - - I  plasm a ‘-!- r~ t .  To d ir—

s t e n i : ’ - n a m d g n l c i c  - i~c t i v i I V , an i n - t x me -i s r i n g  ‘ h— ’
! gr e~ c - ’  t i n; ’ - ; r l t r :n- Th c- cm m -i r - lv used . A gr r - ’ v u —

or g n o r n a g n I - ’ i v in- l u - - s l i e  b c -en  p r o p o :- ’ -  I t n
0 , / e r  t I ’  ‘;- - n : ;  s - c - ’ o f  t h e m  a r e  sp e - i  h i c ’ - I

: c i c ’ - : ;  h i ’ n i g r ; ’ - - I  t u  rl~ i r - - i c t - - r - j c - ’- s~ -e n i t  ic  - i s p ~ ’o ’ s o f

- r t i ! I I - - t~~~
- I -i: -

~ 
- ‘ -  t 1 :c 1 “ I t  or  - - - i r e  rn - r; I ‘

I ‘- lob ii or- ‘ p : -  r ‘ i r id L-~- s g : v i  r i g  i nr e , - i . ~ r i ’ - -

1 ,  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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t h e  w o r l d w i d e  l e v e l  of magnetic disturbances (Siebert ,

1 971; !-layaud , 1967 , 1968 , 1972 ; Svalgaard , 1976).

In  t h e  fo l l o w i n g  s e c t i o n  we d i s c u s s  t h e  m e a n i n g  of

the geomagnetic index am that will be used in the

present investigation. Although the actual deriva-

t io n of such in d ic es is a highly spe c ialize d sub jec t ,

i t  is my experience that enough misconception and con-

fusion exist about what geomagnetic activity is and

how i t  is  measured to warrant a somewhat tutorial

approach (for complete details see Mayaud , 1967).

Figure ~ shows a reproduction of a magnetogram of

t h e  v ar i a t i on of t he h o r i z o n t a l compon ent  of the geo-

m a g n e t i c  f i e ld  at  a m i d- l a t i t u d e  station. The record

extends over twelve three-hour Universal Time intervals.

A geomagnetic storm begins about 9h on the first day

-an ! the field level the following night is strongly

depressed relative to the level on the revious night.

A regular daily variation is indicated by a dashed

line as far as it can be determined from the undis-

turbed portion of the record and from the observer ’s

knowledge of what the typical daily variation gener-

all y looks like for the station during the season (and

lunar phase) in question. Winds and tides in the

ionosphere are responsible for producing these rather

regular - b u t  n e v e r t h e l e s s  v a r y i n g  f r o m  day  to d r y  -

excur sIons of the geomagnetic field. During e-ich

three-hour interval some irregular field variations

anpear in the record . They have an absolute na xi r n u m

and an absolute minimum w ithin the interval; pa rt of

this v a ri a tion is due , however , to the regular lai l y

v a r i a t i o n  a n d  m u s t  be e l i m i n a t e d . G r a ph i c a l l y ,  t h i s

cor-respon-Is to t h e  measure ment of the v -- r - t i c i l  - t i - --

13
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‘unce between two curves parallel to t h e dail y var !—

at ion and enclo- ing the  irregular variatiori n . Several

su c h ,  a m p l i t u d e s  have been ma ok ed  on Figure ~~
- . I t is

important to emphasize that what is measured is n o t
the deviation from some “quiet ” reference level but an

a’rp~-litude ot fluctuation s believed to be caused by the

solar w i n d  interacting with the magnetosphere during

c h a t  t h r e e - h o u r  i n t er v a l .  F i n - i l l y ,  to  c o n s t r u c t  a

gl obal  or p l a n e t a r y  i n d e x , amp l i t u d e s  are averaged
over selected observatories wit h as far as possible a

uni form distribution it; longitude in both the northern

and the southern hemisphere. The details of the final

computation (Siebert , 1971 ; I1ayaud , 1968) need not con-

c’~-nn us here; we onl y note that several indices exist

b’~; -iuse of -differences in stations used and in tic,-’
perio ds covered. Since 1959 the station distribut in - r ;

tan bc-en uniform enough tc- allow compu tation of a ver y

close approximation to a trul y global index : the arc --

in-d r’x (Mayaud , 1968). the ‘rn ’ in am stands for rror;di al

the French word for worldwide. An earlier index , the

well -known ap- index , (p planetary ) extends har t: to

I ~~2 but is based on an inferior station distrib utio n .

Using two antipodal observatories it has been possible

to construct a homogeneous series of activity ampli-

ta les going hack to 1868: t h e  aa-index (Mayaud , l9~~2).

From the three-hour indic e s , dail y indice s can be

c-rn rnpa~~r-~l. F. g . ,  the Ap-inI ex is the average ap — in t ” x

- “ e r  thc- N T — I a ’ , ’ . Fxpressing t h e  A p - i n d e x  on a qir is!-

lo, init h rr j - - scale from 0 to 9 gives a very comp i~- ’ rr--

nre :e r~~t tio n of g e o m a g n e t ic  a c t i v i t y  on - i dail y 1 - -i s ip :
t}~~ fl~~— i n d ’ x .  The ct~~- i ce  o~ a thr -e— ho ur index ,-is the

b - a  - ‘i i t  i v  i f - , me-a -nun - is rn -a in Lv I i ct a t  e I i - v  I he f r e —
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q u e n c y — s p e c t r U m  ot t h e  i r re g u l a r  v a r i a t i o n s  o t t O  may

he justi fied on physical gr ounds becaune three hour’s

is the t i m e  it  t a k e s  t he  solar w i n d  to pass the ma~,’-
netotail. The magnetosphere usually reacts to a

change in boundary consitions in a time considerably

smaller than three hours so that no time delay is nec-

essary when comparing interplanetary data with the am-

or ap — indices.

~~~. I N F L U E N C E  OF P ULK P R O P E R T I E S
OF THE SOLAR rn I ’~~

That geomagnetic activi ty indeed does depend on solar

w i n d  p a r a m e t e r s , e s p e c i a l l y  so la r  w i n d  sp t - e d , was

noted in the very earliest studies of the influence

of the solar win-I (Sny der o~ at., 1963) , a n d  has been

e x t e n s i v e l y  c o n f i r m e d  s i n c e .  F i g u r e  5 shows t h a t  on

t h e  a v e r a g e , the  a m - i n d e x  is a p p r o x im a t e l y  p r o p o r t i o n- -

al to the square of the solar wind speed V. It is

somewha t  r e m a r k a b l e  t h a t  an i n d e x  t h a t  was  c o n c e i v e d

almost forty years ago (53artels , 1938) responds so

clearl y to an extra-t ”rrestrial q u a n t i t y .  A v i v i - d

i l l uc t r i t i o n i  of this relationship on a day -by-day basis

i s  g i v e n  by Sh e el e y  e~ s 7 .  ( 1 97 7 ) .  As we s hal l  show ,

‘he  r ” - l a t i o n s h i p i s  r e a l l y  a complex  o n e ;  s eve ra l  p hy s -
ival caus’-s cooperate to  ~ ive the overall ,- ‘ttect. As

t h e  f i r s t  st e p  t - n w i r - d s  t h i n  g o a L  we c o n s i d”r  s e p a r a t e l y

rh o possibl e influenc e :; of th e  influx ot inte rp lane—

in - ,’ ma gnetic field lin e s , by , a r t ! of tb- ;-ol- - tr w i n !

t l ~~x , nV 2 
. A v er a ~- ’ - of tb - urn — in t x  comp-i~ ei for’

f I t ’  - r n - i r- r - w bin or- i n, t ’ e r  -; I ; ho t h FIV an- I nV a t o

: - h o~-j n  i n  F i g u r e  F .  u - m in~
-’ — un-i h a ve  ~~~~t ’ i - i ! Iv ve r~ —

I 0

~

-— -~~~~~~-~~~~~~~~~~~~~ ---~~~~~~~—~~~~~~~~~~ -~~~~~~~~~~~~~-~~~~~~~~~~~~~~~~ - ~~~ -~~~-- - -
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Figure 5. Average dependence of the am-

i n d e x  on t h e  so la r  w i n d  speed V using data

f r o m  t h e  i n t e r v a l  19 f 5 - l 9 7 3 .  More t h a n

7000 three-hour intervals of data are avail-

able . The area of the filled circles are

pro p -nrt ional to the number of three-hour

i n t - - n v - i i ~ u s e d  in  t h e  aver,a~
p . For the

1-mru I- ’r (lat- - Ipoint s ‘h’ ~t~~ti~~~ic’tl unc er—

I - i i n t y  of  th ~ a ver- ,a~’r is leo:, than fIre li - i —

17 
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meter of the circles. For an average over

100 three-hour intervals the error is of the

order of 10% of the average values. A power-

law dependence is suggested by the data with

an exponent near 2.25. Similar results have

been reported by Murayama and 1-lakamada (1975)

and by Croaker and Feynman (1977).

fied - that values of other solar wind parameters have

approximately the same distribution in each bin. This

is especially important in the case of the direction

of interplanetary magnetic fields. Note tha t a doub-

ling of BV also doubles the average am-index but that

it is necessary to increase nV 2 by a factor of 7 or 8

in order to obtain a doubling of am. The figure sug-

gests the following approximate relationship

dm “~ BV .(nV2)h/3 (2)

implying that both the magnetic flux and the momentum

flux are important at the same time for the generation

of geomagnetic activity. To eliminate the possibility

that mutual correlations between V , B and n cooperate

to produce this apparent relationship, we now examine

onl y data with almost constant values of all pat-am-

eters except n and b .

In the first case we ask the question : If the num-

ber  d e n s i t y ,  n , is  t h e  o n l y  par ’arn e ter  a l l o w e d  to v a r y ,

-Iorr s tb -’ am— index vary is the one -thi n-I power of n?

As sh own in Fi gure 7, t h a t  seems n deed  to he It ; -

w i  t h i n  obue rvat ion, i l a c c t r r - i c : y .  A s i m i la r  i n a l y : r

18
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Figure 6. Average values of the am-index for

different ranges of the flux of interp lane 4-ary

magn etic Field lines , By , and of the solar w i n t

n nrrentum flux nV 2 . The unit for BV in this

fi f ; r- r - is m i l l iv - l t /m e t e r .  The  n u m b e r -  d e n s i ty

is given in protons/cm 3 and V0 
den-ites the

sou r wind speed div ided by 100: V0~ V/ l00 ,

wi th V expressed in km/s. Each \-‘dlUe on the

plot r-epre ’o’nts an average ot abou t 100 c -i:;es.

S I c , i j~~ftt lines ha v e Leon dr - - -iwn corre-s;- - Hg

tb ’- rel ation g iven h’, eq.(’7).
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F i gu r e 7 . The dependence  of am on t he  num-

b ’-r- density, n , for almost constant values of

all the other solar wind parameters. Fille :i

circles represent cases where the interplan-

etary magnetic field was largely southwards

with respect to the geomagnetic field (i.e.

cos-a<— 0 .25 ); open ci r-c l ’-s represer :f canes of

j r ~~- - l o r n i r r a n t l y  r : or ’b w u r d s  f i e l d s  (c o :~~r~~+ 0 . 2 t ~I ,

w h i L e  c i r c l e s  wit ?; a dot  r e p r e s e n t  cn i s - -’S of
in t erpl l n - t a r ’ y f i - ’l i s li r ,~’

-’ly pc-- r - p e n - I i c u l a r ’
to t h e  georni gnr- t iv li pole . A t y p i c a l  ‘ - r ’ r ’ c: ’
l a r - is shown i n  I h ’  c-c-ri I - n  a t  t h e  t
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Figure 8. Similar to Figure 7 hut in this

case t - e  field magnitu de B is used as the

i n - ’ !”p e n n l e n t  v a r i a b l e .  In b o t h  F i g u r e s  7 and

8 th e select ed ranges of solar wind param-

e t e r n  a r c  shown  in  t h e  u p p e r  l e f t - h a n d  c o r n e r .
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fo r - the m agnetic field strength , B , is shown: in Fi g—

- - 
uce 8 , c a n f i r m i n g  t h e  f i r :t - po ;- ;e r  d e p e n d e n c e .  It ;  b o t h

figures a f u r t h er subdivision according to the angle ,

u~ b e t w e e n  t he  d ir e c t i o n  of t h e  g e o m a g n e t i c  f i e l d  on

H t h e  days ide  m a g n e t o s p h er e  and  of the interplanetary

m a g n e t i c  f i e l d  was p e r f o r m e d . The da ta  seems to be
consistent w i t h  a f i r s t - p o w e r  d e p e n d e n c e  on B and a

o n e - t h i r d  power  d e p e n d e n c e  on t h e  n u m b e r  d e n s i t y  n .

The relationship eq.(2) indicates that the influences

of t hose  two  p a r a m e t e r s  a re  no t  i n d e p e n d e n t  -- in
t h a t  case t h e  e f f e c t s  w o u l d  be a d d i t i v e  r a t h e r  t h a n

multiplicative. In addition it is apparent that the

direction of the interplanetary magnetic field is of
p a r a m o u n t  i m p o r t a n c e  and t h a t  i t s  i n f l u e n c e  can be

de - -cribed as a modulating angle-dependent ~
‘aotor t h a t

should be incorporated into eq.(2) - because of the

r:--jghly parallel sequences of d at a p o i n t s  in  b o t h  Fig-

ures 7 and ~~~.

T h a t  g e o m a g n e t i c  a c t i v i t y  c o r r e l a t e s  ve ry  we l l  w i t h
By t i m e s  a f u n c t i - - ’n q ( a )  of t h e  an g l e  s b e t w e e n  t h e

i n t e r p l a n e ta r y  ar i the geomagnetic field is wi ll-known

a n d  g e n e r a l l y  a c c e p t e d  ( e . g . ,  B u r t o n  e t  i i . ,  1 9 75 :

C r o o k e r , l9 7~ - ) .  In  f a c t , one of t h e  o u t s t a n d i n g  cur-

rent problems in the stud y of the magnetospher— ’ is to

ur terstan - I the physics of that correlation. By form-

ing the ratio a m/ B y , we g e t  a q u a n t i t y  t h a t  i s  re-

Iu c ’-n I  f o r -  t b ’-  i n f l u e n c e  of bV and thus might nhi ’w ~:1

c l ’- -u-~-r correlation w i t h  the momentum flux nV~~. The

r ’ - su l  t is sh o w n  in  F i g u r e  q A physical m t  o r p r - e —

2 ?  
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tutHn of thi s elatior :-~h i p n ight be th at the magneto-

sp h e r e  i s  p o w e r e d  by solar w i n d  k i n e t i c  e ne r g y ,  b u t

that the power in put is strongl y controlled by cou-

pling via the interplanetary magnetic field.

13 2 I I  10 9 8
I I I I I I 

—

2.0 — — 5 0

1.5 — am 
~~ 148 nV ~~~ 

— 4 0

20 40 60 80 100 150 200 300 400
n V0

2

Figure 9. By dividing the am-index by BV we

isolate the influence due to nV 2 . In this

fi gure , a m / 6 V 0 i s  p l o t t e d  against nV 2 (where
‘v~~~~ V/i OO ) confirming the one-third p ow er

dependence suggested in Fi gure 7. The areas

of the filled circles ar- f’- proportional to

the number of data values in  each average.

A t o t i l of more than 9000 three-hour intervals

WF r ’re available for the analysis.

7:3 
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5 . lh fLUEU C E OF GEOI- -ILI RICAL FACTORS

Further insight into the coupling problem can be gain-

ed by p e r f o r m i n g  t he  same t y p e  of a n a l y s i s  as in  Fig-

u r e  9 for various subsets of the data characterized by

different ranges of the relevant parameters such as

the angle —~ between the two fields , the relative vari-

ability f and the angle i4j between the solar wind

flow and the earth’ s dipole axis. Figures 10 , 11 and

12 display the results. The effect of varying the

angle ci is by far the most important (Figure 10),

though significant increase in activity is also asso-

ciated with high variability of the interplanetary

magnetic field (Figure 11). Finally there is a small

but persistent tendency for activity to be higher when

the geomagnetic di pole is perpendicular to the solar

w i n d  f l o w  d i r e c t i o n  ( F i g u r e  12 ) .  The c o n n i s t e n t
trends in these Figures strongly suggests that we may

largely remove the influence of BV and nV 2 simply by

computing a reduced am-index :

- I < B V >\ / <~~ J
2~~\

l / 3
am — a m i  2 

(~~ )
\ BV 1\  nV /

~-:~~ have used <By> 2100 and <nV 2> 1.05 x lO~ (B in

n T , V in km/s , and n in protons/cm 3). To investig ate

t1 e effect of a and of t h e  r e l a t i v e  v a r i a b i l i t y  i r l

I - tail , t h e  data is divided into groups according to

the v a l u e  of f. The group characterized by f 0 . 5

will consist of all data values for which t lies ho-

twc ’- -n 0.~~5 and 0.55 , on I so forth. Then for each

grori~ W E-  m&—o a furth er n u b - I  ivjsion accord i::g t i t ti ’

valu ’- ot co n-i . T b - -i ‘-  i s  (-cough - Ju t i t~~ a l l o w  a l i i i —

2 ~

- — — -- —‘ -- - - -~
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-1
o f  0 . 1  in  cos t w i t h o u t  c o m p r o m i s i n g  t h e  accu-

r-icy of the mean v a l u e  of t l ;e  a m - i n d e x  c o n p u t e d  f o r

every subdivis ion. Figures 13 and 114 show the result.

3.0 - I I I I 
-
- 

-

0 0.32 ~~C0S a
0 0.09 ~ cos a < 0.32
e-0.09 ~ cos a < 0.09

2.0 ®- 0.32 ~ cos a <-0.09 —

• c o s a < - 0 .3 2

0.2 
I I I I I I I I I

25 50 tOO 200 300 400
nV0

2

F i g u r e  10. S i m i l a r  in format to Figure ~~, c::-

c ep t  w i t h  a f u r t h e r  s u b d i v i s i o n  of t h e  d a t a  i n t o

l i v ’ -  c L a ns e s  of d i f f e r e n t  o r i en t a t i o n  of the in—

tr-rp lun etary magnetic field ; from mos tly south-

s - i r i s  ( f i l l e d  c i r c l e s)  t u r n i n g  to m o s t l y  n o r t h —
i r - - I - , ( ope n c i r cl e s ) .  The c lass  i n t - ~r v - i l s n - -

I c-n t,oe’i or CO -i at’- ” shown in  t he  u n p - -r  le t  nor- ’-

T I ,  - -
25

~ 

~~~~~~~~~~~~~~~~~~~~~~ ~~~
—-- —.
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I

3.0 — j- 
~~~~~~~~~~~~J~~~ ~1

0 f < 0 . 3 7
o O.37 -~~f < 0 .3 7

2.0 — e 0.45~ f < 0.49
0 0.49~~ f -<  0.60
• 0.6O~~f

0.2 1 I I I I I !  I I I I

25 50 100 200 300 400

n v02

Figure 11. Similar to Figure 10 , except

that the data was divided according to the

relative variability f o/B of t h e  inter-

planetary magnetic field. The classes

range from quiet (f<0 .37 ; open circles) to

d i s tu r b e d  ( f ~~0 . 6 0 ; f i l l e d  c i r c l e s)  c o n —
c h i t i o n s .  N o t e  t h a t  t h e  time scale for

d e t e r m i n a t i o n  of f is  t h r e e  h o u r s .  I t
the field m ag ni t ;rl ’~ was constant (very

n ea r l y  t r u e)  v i  t h i n  - r  I h r e e — h o u r  i n t e r - v o l
t h E -  mae : m m  value o f  f w o r l d  be 1.

2 -
~
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~~

—.——-. 
~~~~~~~— ——-‘~~---———-—-- ‘-— — ---- ~~~~~~~~ -- - — - - — - - — —-“ -——---—- - -~~~ —————- -——-—-—— -— - - -  — — 



I

3.0 I I

o I,~I~~I4° ~L~~9O°~~~J1

2 0 —  
I,~I<I 4 ° 

—

_

0 2~~~~~
I I I L J II I  I I I i

25 50 100 200 300 400
nV

Figure 12. Similar to Figure 11 , except

that the data was divided in two classes

according to whether the tilt angle (p~~90~-i~)

of the geomagnetic di pole was numerically

less than 114° (filled circles ) or greater

t b - r n  ~~~ ( o p e n  c i r c l e s) .  There  is c l e a r l y

- ‘ p ersistent tendency for activit y to be

hig h er when ri is sma l l , f . c .  w h e n  t h e  di-
pole is nearly perpen dicul ar to the solar

w i n - i  f l o w  d i r e c t i o n .
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am (cos a) FOR VAR I OUS
AMOUNT OF VA RIA NCE OF IMF

40- -

30 -

am -

20

: 
~~~~~~~~~0

0-9

0.0

I I I I I I I I I I I , , L J , L .j, .. .J , ., j _ 1 I
-1.0 -.8 -.6 - .4 - .2 0 .2 .4 .6 .8 1 .0

cos a

F i g u r i -  13. The ~epen Je-rrce of g-’--o:na gr:et ic

act i’.’ i ty (-an— m d - > :  c-e d u c , - 1  - a -  BV ~ : ; - t  n V 2

i n f l u e n c e , toe t ’ -:- :~~ ) ar t  cosa , w h e r e i s the

i r ;g l e  be t s  t h e  geom a ,c r i e t i c  f i e l ’ i  l i n e s  at
t h y  n o se  ci t H- - mag nr -  t on t~h e r - e  a n -  I the aver-

age  i n r e : - ~ - -m e t - w r y  m agnetic field during

t h e  t h : r ~ ‘- -hour  i n t e r v a l  c o r r e s p o n d i n g  to a m .

D r a p i n g  ( F i g i r - - - ~ ) of  t h e  i n t e r - p l a n e t a r y
t i e l - 1  i s  a s s - r o e -] on- - f t P ; ’ -  r e a d e r  is  refer’n’

to Fi g - ar - c l~~ t for -:1 p c — ’’c io e  d e f i n i t i o n  of c i .

S’,- v - ’- r 11 cur-. -- am - - s f -  ~- m i  t o r -  v a nj c ’u s  v a l u o n

- t f r -  c - e l  -i i i : -  V i t -  I a b i I I t ~ I ; 1 01:1 1 0 . 0

to  : -fl . a t :  I at - ’ - ? ‘ -  I -~- r :  t t i~ f g u r e  . H t i ’-

t he v” : , 1 1d ~ -irr v e o 1 , 1 -  ! L ~h v a n  1 j u l y

f - ‘‘ p l y  ‘ : l I r i ~t e r  : - -,~~~ for l ow v in  i —

u t - i l  I t ’ ,
- 

~
, i  m l -  j~~~I - - r ’ i - L r n e t  i i - ’ ,- i - i ? .

I-’-
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50 I I I I I I I

40- -

30- cos a = —I  
-

am — -

20- -

COSa +I —

I I I I ___ I I I
0 0,2 0.4 0.6 0.8 1.0

RELATIVE aj OF THE IMF

F i g - i r e  114.  D e p e n d e n c e  of r e - t v - c a l  am - i n d e : . :

on t h e  r e l a t i v e  v a r i a b i l i t y  f of t he  i n t e r -

p l a n ’- t ~m r y  m a g n e t i c  f i e l d  f o r  s evera l  val-
u e -  -o f cosine of t i r e  a n g l e  a b e t w e e n  t b ,€-

i n t e r p l a n e ta r y  f i e ld  and the  g e o m a g n e t i c

f i ’ - l d .  Note that for most values c i  a ac-

t i v i t y  i n c r e a s e s  w i t h  i n c r e a s i n g  v a r i a b i l i t y ,

but that for nearl v sou t hwards f i - - i  t m  tb”
invers e is the case. The curve 1 if -el ’ - I -:

• is for cos t 0 w h ich is the most

v h UE -  of cos~ - m m d  i s  t h u s  i r r h i i~ iv - ’ of

t h y ’  t y l  ical n - i t u - i t i o n .  F i g u r ’ - 11 sf - - c s

n- - m c- of -  t h e  i r : i i v i  hira l d i t r  p 1: - t n  r . ‘ - t  I >

- r: - t r u c t  t h e  s m o o t  b~ c a r r y -n  i n  F i g i r  I i
a r i  114 .

2 1

- —
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am~ a m ( f , cos a )

~~~~~~~~~ I I  I~~~~~~~~~~~~~~~~ I I I I l

~A 

\ 

7~~:~2;/ ~’T
~~

j _ _ _ _

cos a

F i g u r - e  15. A c t u a l l y  F i g u r e s  13 and 1’4 are
synthesi zed from this figure. Bins of cosci ,

(ru .l wide) and bins of f (0.1 wide) were forc-

e-I and the average value of reduced am was

computed for each bin. The figure shows a

con touplot of the results. Contour le’.”-ls

less than average are shown as dashed lines.

It is now a simple ma tter to construct the

era-vie- ; in Figures 13 and 14. The following

f o u r t h - -orde r pol y n o m i a l  fit to the c :om: to ur :r

oiv ’~- , n -y n t h c - t I C  urn—value: ; tha t ha- ’- ~r -.-er y 
—

high c -r’-rela t ion ( 0 . 9~ 2) with 
I t o  oh ,  ‘v - - I

aver’ug.e-~ for ‘; r o b  1 - i : ; :

J. .1~~~~T1l
:

~~~~~~~I -~ •j~~J~~~
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aIr, Fi .h exp (_l.275cos t +l. P~1 i j ’+0.56 5cor;~’ ,r +

+ 2 . f l d I ’c - o n - -~~— 0 . 642j
2— 0 .OOlcos 3 - z— l . B77joos 2 -i—

~2.7l fl ,” con r +0.636 .°3 +D.l18cos 4- i +0.O8lj’ccs~ -a+

+ l .lgO r cos2o+l.9311;)sci_Q .754f4)

The above formula expresses a purel y l’ormal

relationshi p, of course .

40 i I I I I I I I

3O~~

o~’r
20- -

o 0Nc
- 0am

0o ~~~~~

am~~ e~~~
74 C05

~
2 0

- 03 0
00 00

5 I I I I I I I I I
-0.8 -0.4 0 +0.4 +0.8

cos a

F i g u r e  11 . .  Red uc i - - f ar t -, as a f u n c t  i c -n  of cos t

f o r  f 0 . 3  (o p e n  c i r c l e s ) ,  f 0 . 14 ( c i r - - :l

o p en  on t h e  l e f t ) , I 0.5 (circles fill ed on

t h e  l e f t) ,  dnd f 0 .F (filled c i r c le s ) .  T h e

sca ic-  f o r  a r t  i s  l - - g o r j t h r n j c r . ‘-n  e>-~ : -a,sic n ç,f

tire f o r - n  am ~~‘ - :-:l- (—~~~ror~~t) f j t ~ ‘ he  i t , i ,

-- -- ----~~~~~~~ - - - - -—~~~~~~~~~,-- -  - - - - - —- - - -
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--- -----



i , -i :h c ’mr - v - ’- i n  Figure 13 is d r - a - s n th roug h the a v — r --

n-air. os fo r - ~-~~ C l ;  —g m - ou r -a n -I n - l O W S  how the activity

varies wit h ;  -~~ f o r  t h a t p a r t i c u l a r  v a r ia b i l i t y  of t i . -,r

i n t er p Hrn ’-t ar’ -v magnetic field . In Figur e 114 we n -h-os

h o w  the activity varies with the variability f f o r ’ -

differen t values of cos—i m o-raging from —l I-n +1 , a’ . e .
fr- am southwards to northwards.

h-c note first that when the variability is high

(c.g ., f = 0.~~) geomagnetic activity is almost inci~-

pen-d ent of -a . The t’-eason is , of course , that thr

erage di rection of the interplanetary magnetic f ’ ‘1

- luring the three-tiour interval in question is Un

fined or nearly so. i-~ith decreasing variance the

importanc e of southwards fields (cosci~~0) becomes

no-re and m o -r e  prominent. For f 0 the curve rises

sh a r p ly as cosu appro -a-:hos —1. In discussin g t h e

rahysics of this relation we should bear in m i n i  tb -m t

‘he i rr ter p lo-neta r’-y magn€’- tic field at t h e ma gne t -- a -

p a u se  f l u ct u a t e s  ore-re than the field in interp lane-

tary space due to passage thr ough the bow-shock of

~h~- nrgnet osphere. T h i s  s u g g e s t s  t h a t  t h e  c u r v e

s b - o w i n g  a m - i n  l ox  d e p e n d e n c e  on cosm e x t r ap o l a t e d  to

zero v a r i a b i l i t y  of the f i e l d  at  t h e  m a g n e t op a u s e

soul rise even ra h -rrper than the curve lala c-lo I f ~0

i n  F i g u r e  1 3.  The i mp l i c a t i o n  seems  to be t h a t  t he

cou~:-l ing t o  the so la r’  w i n d  c lue  to  m a g n e t i c  f i e l d  con-

rr en ’ ior r is very wesh unless the geom~~tr’- y is very fa-

v- t abl e , g .e. the external field is almost a nt i— pa t’ —

m l l ’ - l  t o  t h e  d a y s  ide  g e om a g n e t i c  f i e l d .  - ‘i c  t i c  e .’ C I

t m -  - n - r -~~~ fluc tuations n f  the m I  i’ r- pla net ar-’ -.’ or ~gn- - t i - ‘

1. - i - i  — c - - n s i - I ’ - r - - i h l v en h - rnoe -d at I - - n  pa S : - I r f l e thr orig h

‘ h i ’ ’  l v a - j — s b r o c k  — f-mvor ~~t -le c- on - il t i o n - - - f o r  c ~c a t e - t  v -n

32 
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o c c ur  o f ten c - n n u g h w i t h i n  a t h r e e — h o u r  i n t e r v a l  a t  so
n-an y ni- a-sc-s on the mna gr -’-tosause as to give the impres-

sion t h i t  reconnection and hence geomagnetic activit y

occur for all orientations of the interplanetary mag-

n - - t i c  f i e l d  and varying in efficiency smoothly from a

maw m u m  for anti—parallel fields to a non-vanishing

mini m um for parallel fields.

- 

I A s i m p le computer simulation can qualitatively re-

trm - -~ rluce the curves in Figures 13 and 114 starting with

the f 0 curve and by just varying the three compo-

r ents of the interplanetary field such as to result in

certain average vector making the angle -ci w i t h  the
ce - c-magnetic field. By adjusting the time scale of the

o--opu ter generated variations , any relative variabili-

f - ,’ f z a/B can be produced. Finall y by averaging am-

v,’-m lw ’?s taken from the f 0 curve corresponding to

of t he  “fine-scale ” v a l u e s  of ci , s y n t h e t i c  c u r v e s
can be constructed showing the average am-index for

given con-a and given f. The results are qualitatively

very similar to what is shown in Figures 13 through 15.

By ass iming that the variability of the north-south

c- - - n p - o r t e n t  is considerably greater than that of the

o t t e r  c o m p o n e n t s  of the  m a g n e t o s h e a t h  f i e l d  one can
even obtain reasonable quantitative agreement.

As our L nowledge of fluctuations of the field in

f > ’  m a g n e t o . ~h e at h  - that turbulent layer between the

t o-s-shock and the magnetopause - is r a t h e r  l i m i t ~ - -1
( . ‘ .~~~. ,  Fa i r f i e l d , l07~~) it is not possibl e at th e pres-

n t I - . exter t th~’ simu lations mentioned at -o -v ”- to nrcr re

r l  j 5 t j -  conditions , bu t it alread y m:eerms lik e ly tha t

ncr-a ’ - i t  n- -t atl - of fhe dif ference het .n’~
,
~n the 1~’--

- r f i n e ” - O l am on con- ~ f - n  d it I er— en t - .--~‘r ’ ’ - r - S  of var ia—

3 

--
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b i l  I ty  car  be u r ; d . - r - r ~; t o  - J s i m p l y  i ri t e r m s  of a v e r - —

ag i n g  t he  n o n — l  m e-a r- cc : ,  u n - s e  of am to cosc~ O V O t

v a r y i n g  a m o u n t s  of v a r i a n c e .  I t  does n o t  seem neces-

s a r y  to invoke any ideas that the variance per  ze is

instrumental in producing geomagnetic activity. As a

matter of f-ac t , as is evident from Figure 14- , for

southwardr : fields , activity actually d0 e -cases with

increasing variability of the field.

The rel,-ctive variability, f , is typically near O .~~.

In Figure l~ we have plotted t h e  value of reduced a ,-

index as a f u n - c t  i o n  o t  c- co -a for several values of f

near 0.5 . The scale fc am is logarithmic and th-

resulting near-ly linear trends of the datapoints sug-

ges t a s i m p l e  e r c p cn - r : t i a l  r e l a t i o n

am ( f )
- g ( f ) - c i o - a  

( 4 - )

where k and g vary slightly with f. Within the t’,-p ical
r a n g e  of f we may cc-n i - l e r  g to approxi ora tel y co n s t a n t ,
be ing near 3/14. Althoug h such  an emp irical relation

is very convenient to work with , we should emphasirc e

th at it is just that and that it not immediately im-

p l i e s  p h y s i c a l  r e a l i t y  or i n s ig t : t .  The value of k fol-

lows from Figure 114 by setting coscz equdl to zero.

6 .  t~d f - :P u T A T I O u OF TUE A U - I N D E X
FRO M SOLAR ‘.- / I N D  DATA

S t i t i s t i c a l l y ,  t h e  v a r i a b i l i t y ,  t he  f i e l d  m a g n i t i ; f - - ,
a n t  t h C  pl-trt rn a den rrity all depend slightl y on the so-

h i t-  win I :ip e ’-  I .  Figure 17 shows the r v - - r - a g e  r i ’i a t  lv i ’-

V t ’  l a b i l i t y  an -  a f u n c t i o n  of V. A simil a r in ro- ,~oe

is found on tb - ’ av e rag e  f o r  t h e  m j e l . i  ,t  r- , - riit t h .

~~~~pprj~u~
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f ~0.28+0.042~~~ 
-

0.2 

I
0 200 400 600 800

V (km/s )

Figure 17. Average value of the relative vari-

ability f = a/B of the interplanetary magnetic

field as a function of solar wind speed V , con-

p ’rted f o r  25 km/s bins. The histogram shows tI-c

number of’ three-hour intervals in each bin.

A linear relation f 0.28+ 14 .2’l0~~’V fits tb --

da~ a .  Over  t h e  obse rved  r a n g e  of V , a p o r t e r — l a w :

f~~.’0~” is an equall y good fit. Dividing the data

i n t o  tw - -a p - a r t s :  d V / d t > 0  an - i  d V / d t < 0  g i v e s  e s s e n —

t i a l l y  t f ; ~ -am e result f o r  each p a r t i t i o n  e x -n e p t
t h a t  I in - 1 fl~~ h i g h e r  fo r  t h e  subset with i n c m e 1 s —

ing velocity than for- Ih , n’jt’set w i t h  d e e r - - l ost
r : p ’ -~~d . A simil ar r e s u l t  h o l d s  f o r  t h e  f id  -l  n - r g —
ru f:u l~ B a l t h o u g h  ro mrre wh i t more  n o i s y .

2

- 
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13>0

AWAY TOWARD

a 4 = A - j3 a T = 1 8 0 - A - 13
8 0 - (A + 1 3)

Figure Ia . Field line geometry at the nose c -f

the rm- ,~g~’ 
,, :r t : - ’- r - e  ci- seen from the sun for dif --

f e r e r a t  or 1~-5 t a~ ions of the interplanetary mag-

net ic field (-dished arrow) and the geomagnetic

f i e l d  ( s o l i d  a r r o w  m a r k e d  S f 1 ) .  The ecl i p t i c  is
i n - J i c a t e , I  b y FF . . The i n t e r p l a n e t a r y  f i e l d  i s
a s s u m e - I  t a  be “ d r a p e d ”  a r o u n d  the  nose of t h e
r r a g n e t o~~:- h er e  as shown in F i g u r e  3.  T h i s  m e a n s
that away-polarity is directed from dawn to dusk

(lef t panel ,) and toward polarity is directed fr -c m

dusk to ria~~n (right panel). The angle A is the

angle between t I : - gc- om u g r , e t i c  field lines and t I : e
ecliptic o w - a r ; - j r - c ’ l  f r o m  t h e  e c l i p t i c  ~ow a n - f - ’; t I : ’ -

field lines and v a r y i n g  f r o m  55 t o  1 2 5  d o i ’ - i r  l Is t

on season and on u n i v e r s a l  t i m e .  r i s  t i t e  l o t  i-
E u d e  an g l e  of t i i - - i n t e r p i un c ’- t ar-y 1 r .

a between rhe tr y I c l  i s  is no , :  - H O  i n - c - i  as

shown s ep - a r a t - - ly  f o r -  ~I - ’ - t p o l a r r 
-

~ 

- - - - -  , , -i-
~~~~~~~
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w h i l e  t h e  d e n s i t y  is  a n t i — t o r i - e l a t e d  w i t h  ‘I. I a ~r ~t . -

r a n g e  of V f r o m  2 5 0  k m / s  to  8 - 50 k m / s  a l l  t b~~se rela—

t i - o n s h i p s  can be a p p r o x i m a t e d  w i t h  p o w e r- l a w s :

fo ’J °~~ , k c , V 0
~

2 5 , B’~.V 0 . 4 - , n ’~V ° ~~
5 ( 5 )

C o m b i n i n g  ( 2 )  t h r o u g h  (5) under typical co nd it i ons

(c os -c~~0)  we ge t  t h a t  the  a m - i n d e x  should depe a.f on

solar  w i n d  speed a p p r o x i m a t e l y  as

am ~ B~!(n ’J 2 ) ’ . k ~ V 2 . 1 5  ( 6)

~‘~e may c o m p a r e  tl~~s r e s u l t  w i t h  F i g u r e  5 and n o t e  rea-

sonable agreemen t.

i-Ic have t h u G  f o u n d  that the rather simple state-

ment that geomagnetic activity increases roughly with

t h e  s q u a r e  of t h e  so la r  w i n d  spee d does no t  r e f l e c t  an

e q u a l l y  s i m p le  p h y s i c a l  situation but is a consequence

of s eve ra l  p h y s i c a l  and s t a t i s t i c a l  c o n d i t i o n s  cooper-

a t i r . g  in  a r a t h e r  complex  m a n n e r . The m a j o r  c o nt r i t -u -

tions arise from the BV-factor and from t~~ morn~ n tum
flux factor (nV 2) to the one-third power. The ph’,’sics

of t h e  s p e c i f i c  way the  m o m e n t u m  f l u x  or t h e  d y n a m i c

pr e s s u r e  of t he  solar w i n d  e n t er s  i n t o  the  f u n c t i o n a l

e x p r e s s i o n  f o r  g e o m a g n e t i c  activity such  as e q . ( 2 )  is

n o t  wel l  u n d e r s t o o d .  The same is the  case w i t h  t h e

d e t a i l s  of m a g ne t i c  r e c o n n e c t i o n  or p lasma  cross-
f j e l l - i i f f  u n - i o n .  On t h e  o t h e r  hand , we have  o b t a in e d
a r a t h e r  d e t a i l le d  u n d e r s t a n d i n g  - or a t  le a s t  a
qu- ~ntative description - of how so lar  w i n d  p ar a m e t e r s
affect the geomagnetic field on the larger scale.

The degree to which we car- repr oduce tb ’- observe-i an-
in - i’-:-r from solar w in - .l c l a t i  to -i ’; f e  judged from Fi~t u r o
1 n- wh ich shows for a n u m b - n  of Bartel rotations t— -

o f -  ‘ rv~- in I r e ,~~ns i nuC~ e I am - i n-I ices. The compar I son 

, ~~~~~~~~~~~~~~~~~~~~ —.~~~ -- -~a~~~
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F i g u ’r ” -  10 . Ob t ;or v e d  and r e c o n s t r u c t e d  a m - i n d i c es

f o r  1:- d r  t , -~ s r-o t -i tion s 183 6— 18141 (Oct. 3 , 1967 to

f - l a r c h  12 , l 9 n 8 ) .  For  e v e ry  t h r e e - h o u r  i n t e r v a l

w h e r e  so lar  w i n d  da t a  was ava i l ab l e , am was com-

puted using

IBV 0 InVo2lh/3 1.157
am 6.6 q(f,ci) r~

-
~
-
~ I ’ ~~~~ I

‘~~ ‘ L J ( l + 3 c o s 2 rL, )2/3

where V~~ V/l00 (V is solar wind speed in km/s), B is
f i e l d  magnitude in nT , and n is the number den-

s i t y  in  p ro tons  per cm 3 . The f u n c t i o n  q(f,a) of
relative variability f and angle ~ is the fi t to
r educed  am g i v e n  in the  cap t i on  to F i g u r e  15.
The scale of am is logarithmic because we want to

verif y the synthesized am-indices against obser-

v a t i o n s  over  t h e  f u l l  range  of the  index  r a t h e r

t h a n  j u s t  f o r  the  h i g h e r  va lues  of the  i n d e x .
The two overlapp ing curves show the two indices

f o r  t i m e s  when solar w i n d  da ta  was ava i l ab l e .
Where only a single curve is visible over a cer-

t a m  t i m e  i n t e r v a l  i t  j u s t  m e a n s  t h a t  the c o m p u t e d

and  the observed indices track each other perfectly.

The main area of disagreement is for very small

a m - v a l u e s  (am ~ l ; all  such cases are p l o t t e d  as
am l ) .

Figure 20. a) Computed values of cos (A-B~~) for

each three-hour interval of every month. The re-

sult is presented as a contourplot (negative con-

tours are - l a s h e d ) .  The angle A depends on day of

y --i r -in - I on Univer n -ci l Time . Let X be the ecli ptic

l o n g i  t n - f e  -of the m e - r n  s m  and l e t  d deno te  -‘l ay of

year- (- T an. I a 1). We then have the following ‘ip-

pr o x i r ol t i - r elations fu r - computation of A:

3q

~ 

- 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _



~ ~~~~~~~~~~~~~~~~~~~~~ , ,,,, rn ,’,r ~W !W~~~~~~ ’ P ~ -~~~~~~ ”~’i ~~~~TW~~~rr “~~~~~ • ?‘ “ -~~ - - - -

U:’~ :;‘ ~1~?:~J \\~NI’ K~~~~

I 8 \ ~~~~~ .._ — ‘ 
_ .. .,.

_
_
,

_

h )

0~4 

~~~ 1 ~~J F M  A M  J J A S O N  D

F i g u r e  20

14 14

_____ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _____ 
_____________________——



U,.— — — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— - -  _-‘_--.--- -

~~
.-

~~~~~~~~~~~~
.-- —

~~~~
--.

~ 
- --—. .——-‘

~~ 
— --  

I

(Figure 20 , con tinued )

(-I ) 77q~~ , o + 3~ c’~ 355.214 (d-~ -)

3 t f l~~? ( f r T l O \ Om ) + A

cos’~ s i n X c o s Z s i n c  — s i n i ( s in ~~cosE cosh  — c o s A s i n h )

cosx cosAcor si ri  — sin -’ (cosAcosccos : + s i n~~s i n h )

-or -I  I i n l lv

c-osA cos~~/,~in~

2 3 ? 5  i s  t h e  o b l i q u i t y  of t h e  e c l i p t i c  a n d

I ll?5 is the geographical co-latitude of the

earth’ s magne t~~c pole.

b) OL- :-;er-ved year’lH an~I Ilnive rsal Time variation

of
5 (t) 7~~(ar:r 

— TT:, . , , ) / ( a r r . + am .,

For the in t e r v a l  1’-i 1 3 -l2 7 a when interplanetary mag-

n e t i c  I i e l c d  d a t a  w a n  a v a i L ~dale .  For ~cCh month

an-I e v e r ’ ,’ t h r e e - l a i r  U T - i n t e r v a l  we f i n d  t h e  a v e r -

-age values of the am-index oeparatel y for Ao-op pa-

larity and for Tor , ’a rd  polarity. Ma rs- precisely,

t h e  s i g n -  of t he  a z i m u t h a l  c - : - n mp o r e n t  ~ t h e  i n t e r -
p l a ne t a r y  m a g n e t i c  field has been used a s t h e  Sc-

le -tie - n criteri on (B~~
’
~D Aw ay ;  B~~~fl Towards) he—

c a u - e  j t  is  t I l s  c o m p o n e n t  t h a t  c o n t r o l s  t h e  way

t tte int e rpti net ary m ag netic f i e l d  i s  - : I r ’ap e d  a r o r m n - - l

t i r e  nose of the m a g ne t o s p h - re  ( see -’ F i g u r e  3 ) .

s l i gh t  t— :n - -- a t l m i n g  o f ~~~ - I a ~~a I r a : ;  been  ; - “ r ’ f o r n o ” ci

by  t he curt tour plot ~ r:g r~ ‘~ t I ne
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is  q u r t  : ; a t i s l a C t ~~- t - - 2  ov -r  t he- f u l l  r a nge  of - e ’ H ’.’H y

f r o m  q u i t to  v er y  d i s t u r b e d .  S i m i l a r -  con- r r-~~so: ~~~~~~

been c a rr i e -I  o u t  f o r  t h e  en - t i I C  sunspol c~- t  le  w h ‘ f e

c am e  s a t is r ac t o r y  r e s u l t .  The m a i n  a r e a  o r

m e n t  see:fls to  be f o r  e x t r e m e l y  q u i e t  int er- .’als (e.g.

am 0) where the reconstruc ted values turn out a

lit tle too high - typically about 2 rather than 0.

Possibly the curves fu r- cos- .L near 4-1 in Figure 114

s h o u l d  i - - S lowered somewhat or maybe the am-in dex is a

poorer measure of geomagnetic ~ctivit y for very small

values of the index where it is extremel y d i f f i c u l t

to measure .

7. SEIII-ANNUAL AND IMIVF ,RSAL TIME ‘,‘APIATrOMh

The usefulness of the concept of the earth being a

probe for- interpldnr~tary an- -I solar c-a rm l i t  i o n s  d e ; - c - r :  f a

on o u r  understanding of the “ i r s t r u m e n  t - ~ l r c - sp - J n 5~ -

function tT . The f o r e g o i n g  a n a l y s i s  suggests that r e

have reached a point where physically meaning f u l
quantitati ce results can bc extracted from ge-am-a g.-

netic data. Let us ccnsider an i- -Iealized i n t - - r p l a n —

etary magnetic field confi guration. The field is

wound by solar rotation into a spiral in the eq rrat o-

rial plane of the sun. Because the ecli ptic is in-

clined 7~ ° to the sol ar- equator the ecli ptic lat it o Ic

angle of the average int erplanetary magnetic fi e ld

measured at the earth v-a’-y wi th t im e of y e a r :

8~~ —p r 0 c05 t ( 7 )

where  8~~z 7~~2~ a r l  t i s  r ’ c - c ’k n n e i  t n - s o  -2 t — - 2~ 1 r r r

L e c e r o l - p r -  7 when c 1 -5 h e l i o g r a p h i c  l at  I t n - I c  of I t o

t a r -tI i n - n t - t o ,  f a t - t h a i f - - i  the to: - O~ -~~- u s r l e -  ~~o —

l a riti e s - - I th e r i c H  8 f- j o  op t - a -- o t t ’ -  S ’ , r: ~ ( p 4 :

142

~
_
~

_ - -_
~~~~~~~~~~ ---~~~~~~~~— ~~~ -- -~~~~~ - ~~~~~~-—~~~~ --~~ -~~~~~~~~~—-~~~~~ - -- ——- - — -



- ~~~~~~~~~~~~~~~ 

~
“ i ‘- ~~~ - -- —--

p o l a r i t y  a w a y  f r o m  t h e  s u n ;  p~~-l p o l a r i t y  t o w a r d s

the sun). If A is the angle between the ecliptic and

The geomagnetic field lines at the nose of the magne-

tosphere (see Figure 18), t hen

~~~ A-8~ , ~~~ l80°-(A+ B )  (8)

t h u s
cosa —cos (A+B ) —cos(A-8+) —coscx +

Using eq .(14) we may now compute the expected average

v a l u e , ~~, of geomagnetic activity assuming equal prob-

ability of both polarities:

- 
-gcos z~ + gcosa~

a ( t )  ~~(a~~+ a )  ½k ( e  + e )

~(t) k’cosh (gcos(A-~ 4)) (10)

Si mi larly, we get for the difference in activity be-

t w e e n  the  two  p o l a r i t i e s

A a ( t )  a 4- — a — 2 k • s i n h ( g c o s ( A — B ~~) )  ( 11)

‘The ratio ~~( t )  ~a(t)/~~(t) is independent of k and

i c - t a - - n  I s  orr ~~y on t h e  g eo me t r y  of t he  s i t u a t  i-o n

~~ t )  — 2 ~ t ar r h ( gcos (A— 8~~) )  ( 1 2 )

Po~cau :e  g c o s ( A - B 4- ) i s  a l w a y s  numerically less  t han  14 .5

ole 
~
‘ wr i te

~ ( t )  — ? g ’ c o s ( A — 8~~) ( 1 2 )

Id- F i g - J r e  20 a  we show tio ’- v~ir’iation of cos(A—B ÷ ) w i t h

computed for e-3 c~ three-hour UT-interval of

~- v e r - ;  m onth of the year ; and in Figure 20b we slo w for
- - -mp-4 r’ i son the ohser’’r’ I v n - j u t i-° n o~ -S ( t ) . The - r g r  —

‘4 —~
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me at is q u i t e  g-’ a - l  w i t h  r e s p e c t to  phase; ‘P- a s~p ! it s lea

jf the ~~~ ia ~ ion:; sh o wn  i n  The- I i g u r - e d i l ’  ‘,‘er- y n e a r l y

th e  same , c O r r e p u r :  f i r : g  t o  a v a l u e  of 2g of u n i t y ,  or-

g 0.5. This is somewhat smaller thdn tIm- ; 0.75 found

earlier u s i n g  i n d i v i d u a l  t h r e e - h o u r l y  - o b s e r v a t i o n s
rather than assuming an ideal field confi guration . In

fac t we get here a measure of the error committed by

working with the idealized field instead of the actual

field orientation.

The Universal Tim e variation of ~(t) has a maximum

at 10 h 30 m UT and -a m inim um at 22
h30 m while the yearl y

v i r i - u ti c - - :; las a minimum in early April and a maximum in

Early Oc -ben. The amplit udes of these changes are

v e r y  s i b a t antial amounting to 60% attesting to the

s t r o n g  c o n t r- : l of The a c t i v i t y  by t h e  f i e l d  o r - i e n t - - r t i u r r .

B e c a u s e  cosh (o : ) = c o s h ( - x ) , e q . ( l O )  p r e d i c t s  a semi-
annual v~ir iat i o n  of ~~( t )  acm Was f i r - s t  r e a l  i c e d  by

Ru - c -- i l  - r r m d  f- - - F h e r r - -r i  ( J  1 4 7 3 ) , b u t  t h i s  v a r - j o t  ion  is

a~f i n s i g n i f i c a n t  a m p l i t u d e  and is a l m o s t  c o m p l e t e l y

m a s h e d  by a n o t h e r  s e m i a n n u a l  v a r i a t i o n  r e l a t e d  to t h e

J i p o t e  t i l t  ang le  ~~~~~~~~ Berthe lier , l97r). Figure 21
i s  c o n t o u r p lot s  of oh s - -r y e - I  -av e r a g e  a m - i n d e x  in  t h e

san e  format ~j : .  u s e - I  in  F i g u r e  2 0 .  F u r t h e r m o r e , h i g h

act iv I ty is i n - i ica t e-’j by i~~t t ed  r-eg ions un-I is pro-

- 1 - m i n a n t l y of , “ - rv -- r f ne-a r t h e  e q u i n o x e s .  The an-r p l i~ a - f e

of t h e  o t - s r -r - v . - - - I  v -i n - i  ~~ i u r -; i s  t h r e e  t i m e s  l a r g e r  t h a n

t h ,1 t p r ’  - l i e - ’ m l  ,‘ . ( 0 )  an I t h e  phase  is  v e ry  - d i  —

fe r ’ -r t. M - 1.( f I )  p r- - d i r ’ s :: m x j r a i at t i m - s  wlv’n ~~~~ t )

a ’ t i n  -x ’ r - -rn - -itt - v n u n  ( ‘ . ,~‘. Figure 70) ~ : r t-

Th ‘ F ’ -  o b s e r v e d  1- l i . -  c: I f : , ’  av~- t - ,rg e - rtn - —~’ rr- i - a t ion (

M i ; a m f , f ’ t 7 t u ) .  .i . -  i t - , n I o f  o con - ‘-I , - t h a t  a

f u r - t h  l u l  r h - I :  of  g, - - -’ r g n e t i c  a c t i v i t y  e x i s t :- ; p r o —

- l ’ i c i r ; g  t f  v i H a t  I - F m - - u n  i n  F ’ i ~ ’ ’ r : - e  7 1 1 )  - tr i t I t ’ - I i T h



f e r e n c e  b e t w e e n  th e  t w o  l i n e s  i n  F i g u r e  1 2 .  A : -  I i i  ~~~I

su g g e st e - ’l by B a r - t e l s  ( 1 9 2 5 )  it seems that geomagnetic

a c t i v it y  is enhanced  when  t h e  e a r t h ’ s c f i p o l ~ a x i s  i s

p e r p e n d i c u lar  to the  solar  w i n d  d i r e c t i o n .  Tha t  we are
dealing with a modulation rather than an excitation

mechanism is suggested by t h e  b a s i c a l l y  p a r a l l e l  l i n e s

in Figure 12 showing that the influence of the dipole

tilt is proportional to the level of activity itself.

Figure 21. a) Contourplot computed from eq.(16)

with am0 set equal to the average value of am

over t i m e  l 9 59 - l 9 7 ’4  p e r i o d  ( see  b e l o w) .

b )  C o n t o u r pl o t  of t h e  o b s er v e d  v a r i a t i o n  of t h e

a m - i n d e x  w i t h  t i m e  of year  and w i t h  U n i v e r s a l

T i m e .  The o b s e r v e d  v a r i a t i o n  is based on 16 years

sf data (l959-197’4). Regions of maxima are dct-

t’--i . The first full contourline corresponds to

mm 21 , and lines are drawn one am-unit apart.

Contaur lines in regions of lower than average

v alues -are shown as dashed lines.

The correlation between the two contour plots is

0.90 , -r~.e. a) is a very good fit to b).

In this figure no sepa c-ation according to polar-it y

h-ao; been performed so we should have a plot of the

~rian tity ~ ( t ) , i.e. activity averaged over bo t h

polaritier . Note that the U ’i—variations for tim-

2 t w c  solstices are i t t  anti-phase and that t h e  1 1 I _

v a r i a t i - -n a t  t h e  e q u i r i -x e r ;  is n m m i l l  w i t h  two m : n : - : i m a

an I two mm ima dun -i ng ‘he U T - d a y .  Other magnet i C

in d ia - os ( “ • : ‘ . ,  Yp -o r AT) show s i m i l a r  ‘ ‘ear ly  v - j r  i - i—

t r a n s  b u t  v e r y  I i r , t n r teI UT—v a”i ation s ~Iu.- to un—

even s t i I ion di t r I t~ i ‘ i on s

- - -‘-~~~~~~~~~~~~~~ -~~~~‘-
-
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The physical explanation for the dipole tilt n-mod -

ulation of activity is still obscure. It has been

suggested (Boiler and Stolov , 1970; Mayaud , 1977)

that the Kelvin-Helmholtz instability of the boundary

b e t w e e n  two m a g n e to h y d r o d y n a m i c  f l u i d s  in relative

motion may be operating at the flanks of the magneto-

sphere leading to release of some of the energy

stored in the magnetotail. An approximate instability

criterion may be expressed as

M2 > 1 + (B ./B )2cos 2rp (14)A 1 0

where B0 
and B1 are the magne tic fi eld s treng ths jus t

outside and just inside the magnetopause. If the

Al fvénic Mach-number MA 
(solar wind speed)/(Alfv4rt

speed) exceeds some value depending on the angle

between the solar wind direction and the dipole axis

t h e n  the magnetopause may be unstable against the

go m u t h  of the Kelvin—Helmho ltz instability, thereby

maybe resulting in a greater stress on the magneto-

sphere.

It is also possible that the coupling between the

solar wind and the magnetosphere is dependent on the

basic geometry of the magnetic field around a dipole:

B B (1 + 3cos 2rp)~ (15)
eq

w h e r e  B eq is  the  f i e l d  s t r e n g t h  in the  e q u a t o r i a l  p l a n e .
In any case ,the parameter (l+3cos 2 r~) has been found

to enter into a simple emp irical expression for the

n-sclulation , namely

-, — :1 /3
am 1.157 am 0(1 + 3cos’ -d- ) (114 )

W t , i c h  pro lu c e s  an excel lent t i t  f - ~ the o b s e r ve d  am-

V i r i a t i o n  w i t h  
~

- . F i g - i r e  7 1a sh oot s  t h e  v - i r i - n t i n n  of
tTh at- - v ’ relatio n w i t h  tim e of v e t —  and t i m e  of UT-

- ‘7 

—- ---‘ 
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d ay. The constant 1.157 is  j u s t  a n o r m a l i z a t i o n  f ac -

tor (equal to the yearly n-me an value of (1+3O05 2~~)
2/3 )

and m m 0 is the unmodulated value of am. Of course , t h e

relation given by eq. (l6) is not unique , but there can

be little doubt that some function of ~ accounts for

the observed variations in considerable quantitative

detail. This result puts an upper limit on systematic

variation of solar wind speed with heliographic lati~
tude. Judging from Figure 21 , it seems that no more

than two art-units (nT) are not alread y accounted for.

This corresponds to about 10%. Referring to Figure 5 ,

we can translate that into a maximum variation with

h e l i o g r a p h i c  l a t i t u d e  of the  w i n d  speed of 16 k m / s  over
7 degrees of latitude , or 2.3 km/s per degree. Any

variation larger than that w c - i l d  distort the variation

shown in Figure 21 irs an unacceptable way.

8. VARIATIO 1L WtTH IIELIOGR A PEIIC lATITUDE

In a car- :-ful analysis of a 100-year series of the geo-

magnetic activity index aa , f - d m y a u - d  (l97’4b) showed that

t h e  s e m i - a n n ua l  v a r i a t i o n  a t t a i n s  m a x i m a  1 4 . 0 ± 2 . 5  days
after the equinoxes. This difference can be understood

in terms of the aberration of the solar wind caused by

the earth’s orbital movement. A significant variation

of solar wind speed with heliographic latitu de would

shi ft the t i m e  of maxima towards f-larch 7 m n - i September

7 when ti e e~art } is at the hi ghest latitudes . N such
s h i f t s  a r ~- - o b s”r v e I when  a c t i v i t y  s e r ie s  of s u f f i c i e n t
l e n g t h  a n - p - a ni i ’~’:’er I . I f  h igh— sp e-- I solar w i n - I  s t r e a m s

I n-m t ly or i ‘ i nut C jr: coroi i a ’l it - a l e m ;  t h u  t ar e  l o w e r —

‘48
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1 i t i t a d - :  e x t e n s i o n s  of the  pol ar holes (“ po la r  cap lobes ”)

n a t u r  a l l y  expect at lear ,~ a s t a t  i st  t c a l  t en ;I e r : c - ;--

b r  s o l a r-  w i n d  speed to be h i g h e r  at  h i g h e r  h e l i o g r a p h i c

l a t i t uG ’ s .  The s i t u a t i o n  is  a n a l o g o u s  to  t i e  c l a s s i c a l

axial-equi no ctial controversy among students of terrestrial

m agnetism . The axial exp lana tion of the semiannual vari-

ation takes its starting point in the fact that sunspots

occur most frequentl y in heli- :graphic latitudes higheL’

tb-a n- 10° whil e the equatorial belt of the sun is rela-

tively fr --c of spo ts. If , then , the solar wind streams

o r i g i n a te in : t h e  sam e bel~~s in which the spots occur

they shoul I mare likely awee 1 across the earth in March

and Sep tember causing an en-than-cement of geomagnetic

activity at those tines of t h e  year. This explanation

is very simple and intuitively appealing in contrast

to the equinoctial hypothesis that ascribes the en-

hance ment to an obscure and largely unspecified mech-

anism whose efficiency is somehow - in an unknown way-

modula ted by the angle between the geomagne~~ic dipole

an - i the solar wind flow direction. Today - as forty-

five years ago (Bartels , 1932) - the axial h~~cat~me o i s

m u s ’ be discarded because of its discordance with ot-ser-

va t i-;ns . Direct i n - 6 i t - :  observations of solar w i n t

speed (Bame C t  -zl. ~~l977) an -I of interplanetar” m agnetic

I ci] s t r e n g t h  ( k i n g , 1 7 1 4 )  over  one f u l l  s u n - m I - - - - t  c y c le
n - f  so in d ’~e.l no detectable variation of either par-ame~ er

w i ’  h e l i o g r a p h i c  l a t i t : - f e -  w i t h i n  ±7° of the solar’
-
‘ 

e m  t ot- .

a v a r i a t i o n  i s , h ow e v er - , found in the p olarity

of the interplan etary m a gn e  t i c  field. R~~:enI-erg, an I

(hs~~”m-a n  ( l~~’-~ ) found h~-tt he probability of o c c u r ren c e

of :1 g i . ’en ~- - --- 1 a r i t y  i n  a 2 7 — - l a y  so lar  r o t a t i o n  v a r - l e t s



in a r - - u g h l ; s i n u s o i d a l  n- - i , I u m i r - g  t h m ’ ?  y e a r -  i t ,  pha - - a

w i t f  t i e he li c - gr-~ p ti-2 la i ’ s G- of ‘he oljoe r-v --- r ( a t  ~~~
‘ -

n t - - a ’  t h e  e a r t h) .  P i l c o x  o r ]  Sc h e r re r ( 1 9 7 2 )  e x t e n - f e d

t h e  a r m  - ilys  i s  back i n  t i m e  t o  o ve r  n - m o r e  t h a n  f o u r -  sOt: -

spot cycles and showed that ~ ‘ phase of t h - - a bov e

‘Ros ,~rmb erg_ 0:le-ma n ’ e f f e c t  r e v e r se s  2 - 3  y e a r s  a f t e r

each sunspot n-m axim ums c o i n c i d in g  w i t h  t h e  i n f e r r e d

t i m e s  of  r e v e r s a l s  of t h e  solar  p o l a r  f i e l d s .  Th e

R o s en b e r g -T o l e m a n  e f f e c t  owes  i ts  e x i s t e n c e  to t h e

f a c t  t h a t  t h e  i n t e r p la i n e t a r y  m a g n e t ic  f i e l d  w i t h i n

s e v e r a l  a s t r o n o m i c a l  u n i t s  of t h e  s u n  appea rs  t o  have
one p o l a r i ty  in  m o s t  of t h e  h e m i s p he r e  n o r t h  of t h e

solar- equatorial plane and the opposite polarity in

most of the hemisphere south of the equaroria l plane

( S v a l g a a rd  and .di l cox , 197 14 ; S m i t h  er -  a ’., 1 9 7 7 ) .  The

t -.-;o t :emi sp fm-- rec a r - c  s e p a r a t ed  by a w a r p e d  or c u r v e d

c u r r e n t  shee t that t y p i c a l l y c r o s s e s  t h e  so l a r  equa-

t a n - -i l  p l a n e  in  2 to ~m p l a ces , T hu s  d i v i d i n g  t h e  e q - i a —

tot i-il region into 2 to- ‘4 s e c t o r s  of a l t e r n a t i n g  p o l a r i t y .

Te a r  cu n :p ~m t  n i t  ian -u rn t h e  l a t i t u d i n a l  e x t e n t  of t h e  w a r p s

of t h e  c u r ve  I c u r ren t sh e - i t  I S  0 1 t h ’ -  o r d e r  of 10 0
, 50

t i - a t  t h e  s e c t o r  1 - - m i n i d r y  ( . : . e .,  t h e  cu r - r e n t  shee t  sepa-
r a t i n g  t h e  two  he m i s p h e r e s  of o p p o s ed  f i e l d  p o l a r i t y)

is  a l m o s t  p a r a l l e l  to the solar equatorial plane. It

i s  t h e n  c l ea r  t h a t  a t  such  t i m e s  g o i n g  out of the solar

t q u r t o r i a l  plane will incre ase the probabilty of obser-

w i n g  a c e r t a i n  p o l a r i t y  o v en -  t h a t of o b s e r v i n g  t h e  op-

p o s i te  L~ 1 i t y .  T L  t h e  el - s e r v e r  r e ac h e s  a l a t i t u d’-
g r e at e r  t h i n  t h e  c ’: ’t o rt s  of  the sector — w a r - i- - ; 111 ti -

i t t - - n t  n h - - ’ - ’ , he wi ’l s r - c  a un t ool ar int e rpl nir l d r- ;

n -i g r i - - t  i-c i - i  I mc j t Ia to sector r-uctur e a t  all ( I a n -  i Ia
- ‘ . , 1 ~~

‘ 7 )
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I . ‘ T I l L  22 — Y P A R  C Y Cl~i I I I  G E O L A C T L T I  C ACFT 1

Let ut mo del the Rosenberg-Coleman effect with arm -a~:-

pr-essi on of t h e  f o r m :

~~ + p~~r~~s i n  t ( 1 7 )

w h e r e  w~ is t h e  p r o b a b i li t y  of o b s e r v in g  t h e  p o lo i  i t y  p .
Ti’~e t varies from 0 to 2rr during the course of a year

an-I is reckoned from December 7 when  t h e  h e l i o g r ap h i c

latitude of the earth is zero. The magnitude of the

coefficient r depends essentiall y on the latitudinal

e x t e n t  of t h e  warps  in  the sector boundary current

she
~~

t , w h t l e  t he  s i g n  of r changes when t he  p o l a r i ty
or  t h e  s o lar  po l e s  r e v e r s e  s h o r t l y  a f t e r  each su n s p o t

m a x i s ; mr - . F i g u r e  22  shows the  v a l u e  of r as a f u n c t i o n
of the warpin g of boundary.

C’ e om a g n e t ic a c t i v i t y  ave raged  over-  bo th  p o l a r i t i e s
m a w now be written

a ( t )  w + a + + w a  ½ (a+ +a )  + r(a+-a ) s in  t

a(t) ~ (t)(l-fr6 (t)sin t) (18)

In order to simplify the considerations we will work

w i t h  da i l y averages  so that the Universal Time vania-

i on of ~(t) is averaged out. In that case we find

tha t 6(t) varies very nearly sinusoidal during the

y ear  b u t  w i t h  a phase that is different from the phase

of the heliographic latitude variation. Let the phase

l i f f e r - e n c e  he 
~ (n~~

3
~~) t h e n  f rom e q . ( 13 )  and F i g u r - 2 0 :

6 ( t )  _ 2 g . f l . m t l s i n ( t + r n )  ( 1 9)  

,y- I over a full v-a-ar- sin (t)sin (t+ q) is equal to
r- so t h a t  t i m e  y - m r l ~ average of -~(t) can hi- writt en

51
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LATITUDINAL EXTENT OF SECTOR BOUNDARY WARPS

Figure 2 2 .  A m p l i t u de , r , of t he  R o s e n b e r g -

Colers -sn  e f f e c t  a t  t i -re e a r t h  as a t u n - - t ion of

l a t i t u d i n a l  e x t e n t  of t h e  c u r v e d  - cu r r e n t  sh oe

tha t s e p a rat e s  o p p o s i t e  f i e l d  p o l a r i t i e s  in  i n —

t~- r p t i n e t a r y  n m - o c r -  (s~-e t e x t  t o t -  d r - f i n - i t  i - m n  oh

r). The  number- of n - r otor s per- r - L - t a t L - r m  (2 , m m ,

n- 1-) has  a s l i gh t  i n f l u e n c e  on r i

C r - r m : i - r t i t  ion of mm - rn - Ia - n .- here I y - ‘ sin4-- Ir ’ o- .- m—

pu t - r - to i t t - i l  t I - m ;  o h  I r e  - - m : ~~- ’ r - i c- -i 1 1 m r - i  ‘ I o t t

_ _ _--
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YEAR OF SUNSPOT CYCLE

Figure 23. Variation of yearl y means of geomag-

netic activity as a function of phase within t l~
sun-spot cycle. Activity is measured by the aa-

i n dex  w h i c h  f o r  t h i s  p u r p o s e  can be cons i der e I —

i d e n t i c a l  to t he  a m - i n  h e x .  E v e n - n u m b e r e d  ( f i l l - f
circles) and odd-numbered (open circles) cyal’-

-ar e  c o ns id e r e d  s e p a r a t e l y .  At  t h e  b o t t o m  is a i m - sri

fir ’- a’/ - -rage sunspot n u m b e r s  t o t ’  t h e  n e l  or cv- ’! e’;

since l8A ~ when the aa-series begins. N- ate tb -i t

- d r — m g  t l m ~ f i r s t  h a l f  o t  the c y c te , a-I l c y c i ’s a t - ’

mm - a r - ’  geomagnetically active than oven cyclr- mmb -i l- -

t h e  r- -v e ra r - is t r u ’ - - h ’ r r - i ’mg t h ~ L - i m r t ii i i f  of a - t i n—

n-pc- ’ cy c l e .

- --
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<a> <d> (l-0. ’4~ gr-~ cosrm ) <a> (l-0.2--r ) ( 2 0 )
year

Thus for the eleven years - f r o m  s h o r t ly a f t e r  one sun-

spot maximum to shortly after the next - when r is neg-

ative geomagnetic activity will be increased , while for

the next eleven years when r is positive activity will

be diminished. This 22-year cycle in geomagnetic act-

i v i ty is actually observed (Chernosky , 1966 ; Russell ,

19Th) as shown in Figure 23 , depicting the average sun-

spot cycle variation of geomagnetic activity shown sep-

arately for odd- and even-numbered sunspot cycles.

If we set r 0.25 , corresponding to a maximum sector

boundary warp of 100, the difference in activity between

odd and even cyc l e s  shou ld  be a b o u t  l’4% according to

eq.(20) to be compared with the 20% actually obs erved.

Considering the many simplifications we have intro-

chuced , ttre agreement is quite satisfactory. The 22-year

cycle is a good examp le of how geomagnetic measure-

ment-a can be a valuable supplement to direct obser-

vations of the sun -- polar field reversals have only

b -err directly observed twice.

10. V A R I A T I O N S  OF G E O M A G N E T I C

D I S T U R B A N C E S  WITH SOLAR A C T I V I T Y

. i b m n i t  mm 5 t h o u g h t  t h a t  g e o m a g n e t i c  a c t i v i t y  was c a use d

f- -i co r r -j sc u~~ar  s t r~o an - ; a- e m i t t e d  f r o m  a c t i ve  r e g i o n s  on
t i e  su n  ( r -  ~~~t h e r  s u n s p o t s  or f acu l a r  a r e i s )  , the sunspot

r m y  - I c  v ar  j a t  i - a r m  of  gr am ig n e t  i c  a c t i v i t y  w i t ;  t a k en  f o r

g, r int el , ~~~ t; something ‘ I~~t hardl y requirtal any e l a l - o —

r at ion. T i -  l ay ,  t h e  p r i m a r y  effect of solar a ctivity is

gen ” r - - m l l ’,’ b e l i e ve  t o  P - c - tire d by comp- a5  i C - f l  o h  t i e

5 14
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i : : . L i e n t  solar mmm l by bl-ostwaves c r:ii tt e I fr-o tt ; solar

lam - - a - .  The ensuing high values of solar w ind speed ,

l- - n s i t y and especiall y magnetic f i e l d  strength ensure

major events of violent activity: geomagnetic storms

‘.-:hic ’n have an obvious sunspot cycle dependence. But ,

in a d d i t i o n , variations of fundament al solar wind par-a-

meters can be very important. The 1973-75 period re-

s-~1teI in exceptionally high geomagnetic activity to

the extent that it is hard to speak about a regular

sunspot cycl e variation of geomagrretic activity for tf .e

an - j o - h l9~~5-1976. In a similar way solar wind speed

b - I S  ha d a tmr — anounced tendency to have higher values

i n  the years preceding sunspo t minimum ever since space-

cm i l l  al -i t -a became available in the early 19E -O ’ s

(-:osling et ai. , 1976; Bane e t  il .,  1 9 7 7) .  On t h e  other

m c d , n~ sunspot cycle related variation of mag netic

i. -l 1 rmm - l g r; i tmr de has been found ( Y  ing . 1976). I n  or- - l et’

to n - u t  the recent data in pr oper per spective it i-s

necessary to consult the historical recor- - t . Geoma~-

n-e r ic a ctivity has been monitored for almost two

~. r t J r i e 5  and  r e l i a b l e  i n d i c e s  of constant calibration

- - H g ’ f o r  l i t t l e  longer  t h a n  t he  pas t  one hundr e - :l  y e a r s .
A. sf-awn i t ; Fi gure 214 , very significant long—t E rm trends
e y j 5 t  in. th e activity record . The sunspot cycle var- i-

I - r ;  is  g e r m ’ a r - - i l ly  d i s c e r n i b le  in ad- -l it ion to a v an - i—

f o r m  - - r r  a t i n - i - s ca le  of 8 0 — 1 0 0  y e ar s .  I I  i s  i r r t . - r —
i r m g  t i m 0 ’ t im-’ l a s t  sunspo t c y c l e  i s  n o t  a t  c-Il typ ical

ii ‘ t m. - m i g t ;  rm t -iyb ’ ~l~- f r om l~1 2 1 r to 1231 it ; n -m r ’whi at r im—

~~~
- r 0 C ’/ - - I c -  -~2 0 ) .  I].’ s h o u l d , t h - r e f o ri’ , — - ‘.~m - r - - i - o.-

l i on i t ;  . l r - a m - s i n g  g c - r m ~ -r -i l  e o r t - - l u n i o n s  ab o ut  t h e  n - a t . —

- ‘ S b e l - -I v i o r -  o f  t h e  sol~a r ’  w i n - h  p i n - i m m m . - t . -~ s -  s - - m n
- r - ’ .-- d t j a r  c - v on - in c only ‘h - ’ l i s t  cycle .

k.— - A - - -~ .... ..... ~~~ . .- . ---- — --- - -  -
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I i g u r  - - 2 14 . Y e a r l y me~~ns  of g e o m a g r m - ~ t i O  r o t  i v i t V

fr an - i 17~ l to t h e  pr esent. Fr-a n-i l~~m~~ t he  i n l e t :  i s

h a n - - g e n e - a i r  and  has  c o n s t i r i t  c d l ib r a ’ j o t .  as  dis—

c - i - n - -  I by  td - iy- au  1 ( 1 9 7 2 ) .  t ime e ~r i  en -  - t a t  a h a s  t e . . ; r ;

d -r-1- ~~d t r- - us t i c  d~r i l y  r - m g .  - s  of rn -ti ne  t ic  -i - - c t  i n - a —

jon , i n -  g i v e n  t’y Walt (1 6 8 m m )  Th is c - oil I - ’ -  a -  ;

co ,-’.-~ n- t b ’  i n te r v a l  176 1 t i m r ’c ;gh 188d . For tIm ’ iii—

t - - r v .r L 1 ~m - 6 — 16~~0 the twa r;r’r I en -  -v~ -t ’l ~ in  , p e r - n i  I i mig

a cr  - ‘ i l i b r o  ion  of U -- Il ‘ to it I - - mm i t -  t -  m n - ma a: the
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S i nce t he yea r 1900  t h e  ge n e r al l eve l  of ge -s; -mg: :-- - - is
activity has increased at least two-fold even t o  the

extent that the activity a~ recent sunspot minima ex-

ceeds that of the sunspot maximum of 1906. It seer: :;

likely tI-at either the average solar wind speed and!

or the magnitude of the interplanetary magnetic

field has changed significantly over the past 75

years. A general change in  solar wind speed entail s-

a c o r r e s p o n d i n g  change  in  f i e l d  m a g n i t u d e  because  of

different spiral angle of the interplanetary magnetic

f i e l d .  The p r o d u c t  BV is in  f a c t  g i v e n  by

By BR (V
2+c1 R 2)½ (21)

whe re B
8 

is the radial component of t h e  f i e l d  a t  d i s -

tance B a n d  ~l 2 . 8 7  uradian/s is the angular velocit

of s - s i a n -  r o t a t i o n-  I f  V b€comes consider 3bly small -- i -

t h a n  r1P £4 30  k m / s  a t  1 AU , t he  q u a n t i t y  BV is a i n ’ t - s t
con s t a n t p r o v i ded t h a t  B R is c o n s t a n t .  The n e t  r e s u l t
i s  ~ b a t  an overall change in solar wind speed alor’e

changes the am-index according to am~ V rather tbmn -

am-sV 2 , which means that the decrease by a factor of

t w a  i n  a m - i n d e x  back to 1900 co r r esponds  to a s i m a i l - r i r
--h -c rease of V f r o m  L 4 QQ k in/ s  to 200  k m / s .  I t  se .- ’- : r
rn-ore l i~~’--l y to  t h e  p r e s e n t  a u t h o r  t h a t  i t  is  m - m i i m l y

tb ’ field magnitude that harm changed through a cit -mng --

of f3 .~ (1.. - . a change of the open magnetic flux).

The’ s u n - po t n u m b e i -  is  p r e s u m a b l e  some c r ud e  rn-: ~s u re

of ~f :r- ci - ~~~d m a g n e t i c  f l u x  and i t  i t  no t  u n r e - i s - . n —
- i t l r  ~ e ’xp e c t  a s i m i l a r  t r e n c h  in  t h e  open l u x .
‘O- ~~f l in  F i g ur e  2 1 , t h e  l o n g — t e r m  t r e n d s  in geomn -- g:r ’ t C

- t - i v i t y  s i n - -c 1781 f o l lo w s  r a t h e r  c lo sel y  s i m i l a r
tr - - n - Is in ~he maximum n - a n n - pot numbers in - - - i - n - h cy-:li- ,

s u n - 4~’- ’st i-- c s i m i l  -ir !n- -m J- in a v a i l a t - I . - rn - -i c n e t i c -  I l i i > : .

17 
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I t  w o u l d  be ve ry d e s i r a b l e  to  be ab le  to infer the

i n t e r p 1 a r m ” t ~i r y  m a g n e t i c  f i c ~~d s t r e n g th  i n d e p e n d e n t l y
from: ;  t i m e  so lan-  w i n d  spa-a-i f rom geomagn- -t Ic data . Some

recent works (Russell and Fleming , 197E ; bul ’yel’mi
and Bol’shakovg , 1973) suggest that the period of cer-

tain types of m icropulsations of ftc geomagnetic

field (Pc 2 to Pc; with periods f rom 5 to 150 seconds)

is strong ly controlled by the magnitude of the inter-

planetary ‘a -ignetic fiel d and can in fact be used as a

diagnostic for tf;at quantity. Ida attempt has yet

been made to extend the analysis to the pre-satellite

era.

11. CO I-LTI ’ :I~~

In this chapter we hav e outlined some current ideas

about the interaction between the solar wind and the

ear-th ’s magnetosphere and showed how they can help or-

ganize the analysis of how solar win d parameters in-

fluence geo m sm gne t ic activity. A rather detailed de-

scription of the dep~-r:-1ence of geomagnetic activity

on solar wind condition :, is nm -m w avai lable and permits

conclusions about large-scale and long-term pin-per-

ties of the sun and of the solar win d to be deduced

from t f m — m geomagnetic records. On the other hand , the

disco very of c - - n - - -n -a l bole:- ; - e ’m r n S  to have brought us

close to the solut ion of ise old prol:J ems c-f a solar

id entification 01 ‘P. - elusive I-I—regi on: : though t re—

nj -- ri sible t - -r r eori r-r e n ’ - - - - l a~ nces a t enhance-i ge an - ;  mg—

n - t i c  act ivity. Thu . solar on I gec-p lm ys i c - al n - c n n - - i n -c -h

t m ive re-- en t l y s ’ r - - n - ’ f  c l  t h - - ir lin ks in the r t t L j n - r
F t - a n t  s 111 ly of t h - - en - .- I rc -r mm n~~rm I a f m m  I ri - I
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