
 

I .  Introduc tion to  Ge oma g ne tism 
 

The  ma g ne to sp he re  is o ne  o f the  le a st fa milia r e le me nts o f Ea rth's 

e nviro nme nt in the  typ ic a l p hysic a l sc ie nc e  c urric ulum. Stud e nts ma y 

le a rn tha t it re se mb le s a  b a r ma g ne t, b ut wha t the y se ld o m e nc o unte r is 

the  “ b ig  p ic ture .”  The  ma g ne to sp he re , Ea rth's ma g ne tic  e nviro nme nt in 

sp a c e , is a  va st c o lle c tio n o f c urre nts a s we ll a s multip le  syste ms o f ma tte r 

a nd  e ne rg y, sp a nning  ne a rly a  trillio n c ub ic  kilo me te rs o f sp a c e . The  Sun 

a ffe c ts the se  syste ms thro ug h its sp o ra d ic  sto rm e ve nts, whic h c a n c a use  

the  ma g ne to sp he re  to  c ha ng e  d ra stic a lly. The se  c ha ng e s p ro d uc e  

ma g ne tic  sto rms, a nd  e ne rg ize d  flo ws o f p a rtic le s tha t c a n c a use  a uro ra , 

sa te llite  o uta g e s, a nd  e ve n e le c tric a l p o we r b la c ko uts. 

(http :/ / ima g e .g sfc .na sa .g o v/ p o e try/ to ur/ AAma g .html).   

 

Othe r p la ne ts a lso  ha ve  ma g ne to sp he re s, suc h a s Jup ite r a nd  Sa turn.  

Ve nus d o e s no t ha ve  a  ma g ne to sp he re . Ma rs ha s the  re ma ind e r o f a  

ma g ne to sp he re  c a p ture d  in its c rust a nd  le ft a s c rusta l ma g ne tic  fie ld s.  

The re  a re  time s whe n c o mp a ring  the se  ma g ne tic  fie ld s to  Ea rth’ s 

ma g ne to sp he re  c a n b e  use ful. 

 

1.1  Ea rth's ma g ne tic  fie ld in spa c e  
 

As yo u ha ve  p ro b a b ly re a d  in o the r te xtb o o ks, ma g ne tism is a n a nc ie nt 

d isc o ve ry. The  e a rlie st re c o rd e d  d e sc rip tio n o f ma g ne tic  fo rc e s o c c urre d  

in China  in 2637 B .C ., whe n Emp e ro r Ho a ng -ti's tro o p s lo st the ir wa y in 

he a vy fo g  while  in pursuit o f Princ e  Tc he ye o u. The  Emp e ro r c o nstruc te d  a  

c ha rio t up o n whic h sto o d  a  fig ure  tha t a lwa ys p o inte d  so uth no  ma tte r 

ho w the  c ha rio t wa s p o inte d . Also , the  G re e k p hilo so p he r Tha le s o f Mile tus 

(640-546 BC ) is c re d ite d  with ha ving  c o nd uc te d  a  c a re ful stud y o f 

lo d e sto ne  a nd  its ma g ne tic  p ro p e rtie s, b ut this d id  no t inc lud e  kno wle d g e  

o f ma g ne tic  p o la rity o r its d ire c tive  p ro p e rtie s within Ea rth's ma g ne tic  fie ld  

—the  b a sis fo r a  true  c o mp a ss.   

 

At the  time  o f Co lumb us, ma g ne tic  c o mp a sse s fo r na vig a tio n ha d  b e e n 

sta nd a rd  te c hno lo g y fo r a t le a st se ve ra l c e nturie s, b ut it wa s o n 

Co lumb us's first vo ya g e  in 1492 tha t he  d isc o ve re d  the  ne e d le  d id n't p o int 

to  True  No rth (Po le  Sta r) in so me  lo c a tio ns.  In fa c t, the  d e via tio n wa s a s 

hig h a s 10 d e g re e s we st o f True  No rth. 
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To  a vo id  a n imp e nd ing  mutiny, it is c la ime d  tha t Co lumb us a lte re d  the  

c o mp a ss c a rd  to  ma tc h the  d ire c tio n o f the  ne e d le . This wa s ve ry risky, 

b e c a use  a  na utic a l rule  o n the  b o o k sta te d  tha t the  p e na lty fo r 

ta mp e ring  with a  c o mp a ss wa s tha t "the  hand whic h is mo st use d wo uld 

b e  faste ne d to  the  mast b y a  dag g e r thrust thro ug h it.”   (Fle ming , p p . 2) 

 

 

 

 

 Figure 1 - A standard compass 
 

 

 

 

 

 

Sub sta ntia l wo rk o n ma g ne tism, p a rtic ula rly te rre stria l ma g ne tism, wa s 

d e sc rib e d  in 1600 b y Dr. Willia m Gilb e rt. In a n intro d uc tio n to  his b o o k De  

Magne te , G ilb e rt d e b unks ma ny o f the  o ld e r id e a s o f the  c a use s a nd  

p ro p e rtie s o f ma g ne tism. He  a tta c ke d  a lc he mists fo r the ir o b sc ure  

la ng ua g e , a nd  p ut ma ny o f the  le g e nd a ry c la ims fo r lo d e sto ne  to  d ire c t 

e xp e rime nta l te sts. One  o f the se  c la ims wa s tha t the  lo d e sto ne 's p o we r, 

d ulle d  a t nig ht, c o uld  b e  re sto re d  b y a  b a th in g o a t's b lo o d ! O ne  o f 

G ilb e rt’ s mo st fa mo us d isc o ve rie s is tha t Ea rth is, itse lf, a  ma g ne t, whic h is 

why ma rine rs’  c o mp a sse s wo rk. He  wa s the  first to  d isting uish b e twe e n 

ma g ne tic  a nd  e le c tric a l a ttra c tio n, a nd  is c re d ite d  with c o ining  the  te rm 

e le c tric ity. Ne xt, it wa s De sc a rte s who  ultima te ly ma d e  “ inta ng ib le  a nd  

invisib le ”  ma g ne tic  fo rc e s visib le  to  the  na ke d  e ye  b y inve nting  the  iro n 

filing  me tho d . He  p re se nte d  this te c hniq ue  in his Princ iple s o f Philosophy  

p ub lishe d  in 1644, e xp la ining  tha t, “ The  filing s will arrang e  the mse lve s in 

line s whic h display to  vie w the  c urve d paths o f the  filame nts aro und the  

mag ne t...".  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 - 
Iron filings 
reveal the 
pattern of 
magnetic 
lines of 
force 
around a 
bar 
magnet. 
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Figure 3 - Decarte's original sketch of 
the lines of magnetic force made in 
1644.



  

 

The  p a tte rn re ve a le d  b y the  iro n filing s vivid ly illustra te d  tha t so me thing  

e xtre me ly we ll o rg a nize d  e xiste d  b e yo nd  the  surfa c e  o f the  ma g ne t, a nd  

whic h wa s p e rha p s the  o rig in o f the  ma g ne tic  fo rc e  itse lf.  

 

A c o mp a ss wo rks the  wa y it d o e s b e c a use  Ea rth ha s a  ma g ne tic  fie ld  tha t 

lo o ks a  lo t like  the  o ne  b e lo ng ing  to  a  simp le  ma g ne t. The  Ea rth's fie ld  is 

c o mp le te ly invisib le , b ut it c a n b e  fe lt b y a  c o mp a ss ne e d le  o n Ea rth's 

surfa c e , a nd  it re a c he s tho usa nd s o f kilo me te rs o ut into  sp a c e . If yo u we re  

to  stud y the  Ea rth's invisib le  ma g ne tic  fie ld  fro m sp a c e  b y mo ving  a  

c o mp a ss a ro und  o utsid e  yo ur sp a c e c ra ft, yo u wo uld  d isc o ve r tha t it 

d o e sn't re a lly lo o k like  the  fie ld  o f a  b a r ma g ne t a t a ll, e xc e p t in the  inne r 

ma g ne to sp he re  — within a b o ut 50,000 kilo me te rs o f Ea rth. 

 

The  Sun ha s a  wind  o f g a s tha t p ushe s Ea rth's fie ld  fro m the  le ft to  the  rig ht, 

a s in the  p ic ture  b e lo w. Be c a use  o f this e xte rna l p re ssure , Ea rth's ma g ne tic  

fie ld  g e ts stre tc he d  o ut into  a  c o me t-like  sha p e  with a  ta il o f ma g ne tism 

tha t stre tc he s millio ns o f kilo me te rs b e hind  the  Ea rth, a wa y fro m the  Sun. 

Sc ie ntists ha ve  stud ie d  ma ny d iffe re nt pa rts o f Ea rth's ma g ne tic  fie ld  a nd  

ha ve  g ive n the m na me s.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4 - Earth's magnetic field has a comet-like shape because the solar 
wind consists of electrified gases (blowing from the left to right) that interact 
with the 'magnetosphere' to give it its shape. This sketch shows the major 
regions identified by scientists. 
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The  re g io n a ro und  Ea rth whe re  Ea rth’ s ma g ne tic  fie ld  influe nc e s the  

mo tio ns o f c ha rg e d  p a rtic le s is c a lle d  the  ma g ne tosphe re .  Outsid e  this 

re g io n—wha t sp a c e  sc ie ntists c a ll the  Inte rpla ne ta ry Ma g ne tic  Fie ld 

(IMF)— the  so la r ma g ne tic  fie ld  is stro ng e r tha n Ea rth's ma g ne to sp he re  

a nd  the  IMF d o mina te s. The  b o und a ry b e twe e n the  ma g ne to sp he re  a nd  

the  IMF is c a lle d  the  ma g ne topa use .  The  p a rt o f the  ma g ne to sp he re  tha t 

e xte nd s fro m Ea rth a wa y fro m the  Sun is c a lle d  the  ma g ne tota il. 

 

On the  Sun sid e , the  ma g ne to sp he re  e xte nd s to  a  d ista nc e  o f a b o ut 10 

Ea rth ra d ii (10 Re ) und e r no rma l so la r c o nd itio ns, b ut c a n b e  a s little  a s 4 

to  6 Re  d uring  se ve re  so la r sto rms.  (By the  way, spac e  sc ie ntists use  this 

unit o f me asure me nt, the  Re , muc h the  same  way astro no me rs use  the  

lig ht-ye ar o r parse c . It e q uals the  radius o f Earth: 6,378 kilo me te rs.) On the  

sid e  a wa y fro m the  Sun, the  ma g ne to sp he re  is stre tc he d  b y the  so la r wind  

so  it e xte nd s a  g re a t d ista nc e .  Its p ro p e rtie s a s a  syste m c a n b e  

me a sure d  to  o ve r 1000 Re . (Fo r c o mp a riso n, the  mo o n o rb its a t a  d ista nc e  

o f a b o ut 60 Re  .) 

 

1.2  Orig in of Ea rth's fie ld 
                                                          

  

 

 

 

 

In yo ur c la ssro o m, yo u c a n ma ke  a  ma g ne tic  fie ld  b y le tting  a  c urre nt 

flo w thro ug h a  p ie c e  o f wire  wra p p e d  a ro und  a  na il. Whe n yo u a tta c h 

the  b a tte ry, the  na il b e c o me s a n e le c troma g ne t a nd  yo u c a n use  it to  lift 

p a p e r c lip s. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 - Current flowing in a wire 
creates an electromagnet as shown 
in this cartoon sketch. The nail 
amplifies the magnetism enough for 
it to pick up a few metallic 
paperclips. 

G e o p hysic ists a re  c o nvinc e d  tha t the  c o re  o f the  Ea rth is a lso  a n 

e le c tro ma g ne t.  If the  ma in "d ip o le ”  fie ld  wa s ” imprinte d ”  o n the  Ea rth a t 

its time  o f fo rma tio n 4.5 b illio n ye a rs a g o , it c a n b e  c a lc ula te d  tha t it 

wo uld  ha ve  d issipa te d  into  sp a c e  within a  fe w millio n ye a rs. Be c a use  
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Ea rth is b illio ns o f ye a rs o ld  a nd  we  still ha ve  a  stro ng  ma g ne tic  fie ld , the re  

must b e  so me thing  tha t re g e ne ra te s this fie ld  fro m ye a r–to -ye a r a nd  

c e ntury-to -c e ntury, e ve n o ve r g e o lo g ic  a g e s. The  b e st, a nd  mo st like ly, 

c a nd id a te  is a  ma g ne tic  d yna mo  p ro c e ss. 

 

Altho ug h the  c rust is so lid , se ismic  stud ie s sho w tha t Ea rth’ s c o re  is 

surro und e d  b y a  mixture  o f mo lte n iro n a nd  nic ke l. The  ma g ne tic  fie ld  o f 

Ea rth is c a use d  b y c urre nts o f e le c tric ity tha t flo w in the  mo lte n o ute r c o re . 

The se  c urre nts c a rry trillio ns o f a mp e re s o f e le c tric ity, a re  hund re d s o f 

kilo me te rs wid e , a nd  flo w a t tho usa nd s o f kilo me te rs p e r ho ur a s Ea rth 

ro ta te s. Like  c urre nts flo wing  in a  wire , the y c re a te  the  g lo b a l ma g ne tic  

fie ld  so  lo ng  a s the se  c urre nts p e rsist. The y will c o ntinue  to  d o  so  until the  

e ntire  c o re  o f the  Ea rth b e c o me s so lid  in the  fa r future , a  b illio n o r mo re  

ye a rs fro m no w. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 Figure 6 - A cut-away view of 
Earth's core showing the 
convecting mantle and core 
regions (Courtesy NASA )

Figure 7 - Magnetic field generated 
by dynamo action (Courtesy Gary A 
Glatzmaier - Los Alamos National 
Laboratory)

 

 

 

 

The  p o we rful ma g ne tic  fie ld  g e ne ra te d  b y this d yna mo  p ro c e ss p a sse s 

o ut thro ug h Ea rth’ s c o re , thro ug h the  c rust tha t we  sta nd  up o n with o ur 

c o mp a sse s, a nd  e nte rs sp a c e . Fig ure  6 sho ws the  so lid  inne r c o re  re g io n 

(inne r c irc le ) surro und e d  b y a  mo lte n o ute r c o re  (in ye llo w). The  c urre nts 

flo w in the  o ute r c o re , a nd  the  line s o f fo rc e  (sho wn in Fig ure  7 in b lue  a nd  

g o ld ) tra ve l o utwa rd s thro ug h the  re st o f Ea rth's inte rio r. If the  e le c tric  

c urre nts in the  o ute r c o re  we re  stro ng e r, Ea rth wo uld  ha ve  a  stro ng e r 

ma g ne tic  fie ld .  
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By the  time  the  fie ld  ha s re a c he d  the  surfa c e  o f Ea rth, it ha s we a ke ne d  a  

lo t, b ut it is still stro ng  e no ug h to  ke e p  yo ur c o mp a ss ne e d le s p o inte d  

to wa rd s o ne  o f its p o le s. As yo u re c a ll fro m g ra d e -sc ho o l sc ie nc e  c la sse s, 

ma g ne ts ha ve  two  POLES: a  No rth Po le  a nd  a  So uth Po le .  Sc ie ntists c a ll 

this a  dipola r fie ld. 

 

The re  is a no the r thing  we  kno w a b o ut ma g ne ts a nd  ma g ne tism: whe n 

yo u p ut like  p o le s to g e the r (So uth fa c ing  So uth o r No rth fa c ing  No rth) the y 

re p e l e a c h o the r. Yo u c a n fe e l this fo rc e  o f re p ulsio n yo urse lf! Whe n yo u 

p ut unlike  p o le s to g e the r (So uth fa c ing  No rth) yo u c a n fe e l ma g ne tic  

a ttra c tio n.  

 

In the  No rthe rn He misp he re , yo ur c o mpa ss ne e d le  p o ints No rth, b ut if yo u 

think a b o ut it fo r a  mo me nt, yo u will d isc o ve r tha t the  ma g ne tic  p o le  in 

the  Ea rth's No rthe rn He misp he re  ha s to  b e  o f a  So uth po la rity. This is so , 

b e c a use  the  No rth-typ e  ma g ne tism o f the  c o mp a ss ne e d le  ha s to  b e  

a ttra c te d  b y a  So uth-typ e  ma g ne tism in the  Ea rth in o rd e r to  'se e k o ut' the  

No rth Po le .  In the  G EONS le sso ns, we  try to  ke e p  this fro m b e ing  to o  

c o nfusing  b y no t using  ”No rth Ma g ne tic  Po le ”  a nd  inste a d  sa ying   

” the  ma g ne tic  p o le  in the  No rthe rn He misp he re .”  

 

 

1.3   The  Crusta l fie ld 
 

The  Ea rth's c rusta l ma g ne tic  fie ld  is mo re  c o mp lic a te d  tha n a  simp le  b a r 

ma g ne t d ip o le  fie ld , a nd  muc h le ss inte nse  tha n the  ma in d ip o le  fie ld  b y 

ne a rly a  fa c to r o f 100. Whe ne ve r mo lte n la va  so lid ifie s o n Ea rth’ s surfa c e , 

so me  o f the  fe rro -ma g ne tic  e le me nts in the  la va  (e .g . iro n, nic ke l e tc .) 

a lig n the mse lve s with the  lo c a l d ip o le  fie ld . Onc e  the  la va  c o o ls b e lo w 

the  Curie  Po int (a b o ut 800 F), the  fe rro -ma g ne tic  a to ms c a n no  lo ng e r 

mo ve  fre e ly, a nd  so  the ir ma g ne tic  o rie nta tio n is fro ze n in.  

 

The  p ro c e ss is no t 100% e ffe c tive , so  the  ma g ne tiza tio n o f this c rusta l 

ma g ma  is ve ry we a k, b ut it c a n b e  e a sily d e te c ta b le  with suita b le  

e q uip me nt. In fa c t, p ro sp e c to rs fo r va rio us c o mme rc ia lly imp o rta nt o re s 

a nd  mine ra ls use  se nsitive  ma g ne to me te rs to  sc a n the  surfa c e  fo r 

ma g ne tic  e nha nc e me nts o ve r the  muc h stro ng e r d ip o le  fie ld .  

 

Altho ug h the  d ip o le  fie ld  (~ 50,000 na no Te sla s a t the  surfa c e ) c ha ng e s 

fro m d a y to  d a y, a nd  c e ntury to  c e ntury, the  we a k c rusta l fie ld  (~ 800 

na no Te sla s) is o nly a ffe c te d  b y ne w vo lc a nic  a c tivity, c o ntine nta l d rift a nd  

o ro g e nic  p ro c e sse s.  The  e ntire  la nd  surfa c e  o f the  Unite d  Sta te s ha s b e e n 

ma g ne tic a lly surve ye d  o ve r the  la st c e ntury.  Fig ure  8 is a  ma p  o f the  
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ma g ne tic  va ria tio ns in Finla nd . The re  a re  ric h d e p o sits o f iro n o re  in the  

re g io n tha t sta nd  o ut a s the  d e e p  re d  b lo tc he s in the  fie ld  ma p . 

 

 

 

 

 Figure 8 - Map of magnetic field 
changes over Finland. Red 
indicates regions with stronger 
fields due to iron deposits. 
(Courtesy Geological Survey of 
Finland) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Altho ug h g e o lo g ists p ro sp e c ting  fo r mine ra ls a nd  fo ssil fue ls ha ve  

surve ye d  the  lo c a l c o nd itio ns o f this no n-d ip o le  c rusta l fie ld  fo r ye a rs, o nly 

re c e ntly ha ve  sc ie ntists a c c ura te ly surve ye d  b y sa te llite  the  g lo b a l 

d ime nsio ns o f this c rusta l fie ld . Sa te llite  ma p p ing  o f ma g ne tic  a no ma lie s ha s 

b e e n c o nd uc te d , fo r e xa mp le , b y Ma g sa t b e twe e n 1979-1985. The  d a ta  

re ve a le d  ma ny va ria tio ns in the  ma g ne tic  fie ld  tha t c a n b e  tra c e d  to  ma jo r 

g e o lo g ic  a nd  c rusta l fe a ture s. Fig ure  9 d isp la ys the  va ria tio ns in this fie ld : 
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Wha t yo u c a n se e  in the  ma p  a b o ve  is tha t the  b lo tc hine ss o f the  surfa c e  

fie ld  d o e sn’ t se e m to  fo llo w the  c o nc e ntra tio ns o f the  la nd  ma sse s. The y 

a lso  d o n’ t fo llo w the  Pa c ific  Rim whe re  la va  flo ws a re  c o mmo n. Inste a d , 

the y tra c e  a  d e e p e r le ve l o f the  Ea rth within the  ma ntle  a nd  o ute r c o re . 

 

1.4   The  wa nde ring  dipole   fie ld  
 

 

 

 

 

 

 

 

 

 

The  ma g ne tic  p o le s o f Ea rth a re  no t fixe d  o n the  surfa c e , b ut wa nd e r q uite  

a  b it, a s the  ma p  in Fig ure  10 sho ws.  The  b la c k line  with re d  d o ts a nd  ye a rs 

sho ws tha t the  ma g ne tic  p o le  in the  No rthe rn He misp he re  is mo ving  

no rthwa rd s in g e o g ra p hic  la titud e .  The  sc a le  in this fig ure  is 1c m = 133 km. 

Fig ure  10 sho ws ho w the  a ve ra g e  sp e e d  the  ma g ne tic  p o le  mo ve d  a n 

a ve ra g e  sp e e d  o f 10 km/ ye a r fro m 1955-1975 a nd  the n 20 km/ ye a r fro m 

1975 to  1995. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig ure  9 - Va ria tio ns in Ea rth's g lo b a l ma g ne tic  fie ld  me a sure d  b y 

Ma g sa t fro m a n o rb it o f 400 km. (Co urte sy NASA) 

Fig ure  10 - A ma p  o f the  tra c k o f Ea rth's ma g ne tic  p o le  in the  No rthe rn 

He misp he re  in Ca na d a .  The  sc a le  in this p ic ture  is 1 c m =133 c m. 

(Da ta  Co urte sy o f the  Unite d  Sta te s G e o lo g ic a l Surve y) 
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On a ny g ive n d a y, the  ma g ne tic  p o le  mo ve s e rra tic a lly b y ma ny te ns o f 

me te rs b e c a use  o f c ha ng e s in the  c urre nts insid e  Ea rth's c o re , a s we ll a s 

the  influe nc e  o f e le c tric a l c urre nts in the  io no sp he re , a nd  the  c ha ng ing  

sp a c e  e nviro nme nt d ue  to  so la r sto rms a nd  wind s. 
 

 

 

1.5   Pa le oma g ne tism  
  

Stud ie s o f the  Mid -Atla ntic  Rid g e  in the  Atla ntic  Oc e a n, ha lfwa y b e twe e n 

No rth Ame ric a  a nd  Euro p e , ha ve  sho wn tha t a s the  fre sh ro c k c o o ls, it 

re c o rd s the  p o la rity o f Ea rth’ s fie ld . By d a ting  the  ro c ks o n e ithe r sid e  o f 

the  rid g e , g e o lo g ists d isc o ve re d  tha t the  p o la rity c ha ng e s o ve r the  c o urse  

o f tho usa nd s o f ye a rs. This wa s a n e xc iting  d isc o ve ry tha t no t o nly ve rifie d  

the  the o ry o f Co ntine nta l Drift, b ut d e mo nstra te d  tha t Ea rth's ma g ne tism 

isn't c o nsta nt o ve r millio ns o f ye a rs. The  ma g ne tic  fie ld  o f Ea rth a c tua lly 

c ha ng e s its p o la rity o ve r time . The y a re  c a lle d  Pola rity Re ve rsa ls, b ut 

sho uld  no t b e  c o nfuse d  with the  ro ta tio n o f Ea rth a c tua lly c ha ng ing .  

 

Fig ure  11 sho ws a  p lo t o f the  c ha ng e s in the  d ip o le  fie ld  stre ng th a nd  

o rie nta tio n d uring  the  la st 800,000 ye a rs a s c o lle c te d  b y Yo ha n G uyo d o  

a nd  Je a n-Pie rre  Va le t a t the  Institute  d e  Physiq ue  in Pa ris a nd  p ub lishe d  in 

the  jo urna l Nature  o n Ma y 20, 1999 (p a g e  249-252). 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig ure  11 - The  c ha ng e s in Ea rth's d ip o le  ma g ne tic  fie ld  stre ng th 

a nd  o rie nta tio n d uring  the  la st 800,000 ye a rs. 'VADM' re fe rs to  the  

ma g nitud e  o f the  virtua l a xia l d ip o le  mo me nt o f Ea rth. 

 

 

 

 

____________________________________________________________ 

GEONs User Guide 14 



The re  ha ve  b e e n a b o ut 170 o f the se  re ve rsa ls d uring  the  la st 76 millio n 

ye a rs, a c c o rd ing  to  g e o lo g ic a l e vid e nc e . The  me a n time  b e twe e n 

re ve rsa ls se e ms to  b e  g ro wing  lo ng e r, a nd  is c urre ntly a b o ut 300,000 ye a rs 

o r so . The  la st o ne  o f the se  ha p p e ne d  a b o ut 770,000 ye a rs a g o  (770 o n 

the  a b o ve  g ra p h). We  a re  c urre ntly living  d uring  a  p e rio d  tha t ha s b e e n 

c a lle d  the  Brunhe s Ma g ne tic  Chron, whe n the  So uth Ma g ne tic  Po le  is in 

the  No rthe rn He misp he re . During  the  p re vio us Ma tuma ya  Ma g ne tic  

Chro n, the  No rth Ma g ne tic  Po le  wa s in the  No rthe rn He misp he re !  

 

The se  re ve rsa ls c a n ha p p e n ve ry q uic kly in te rms o f g e o lo g ic  time  sc a le s, 

a lso , in so me  c a se s muc h le ss tha n 10,000 ye a rs. Pre se ntly, Ea rth's 

ma g ne tic  fie ld  is we a ke ning  in stre ng th b y 5% e ve ry 100 ye a rs. It ma y b e  

ne a r ze ro  in a no the r fe w tho usa nd  ye a rs a t this ra te ! Sc ie nc e  fic tio n 

mo vie s suc h a s The  Core  no t withsta nd ing , the  like ly imp a c t o f a  fie ld  

re ve rsa l o n the  b io sp he re  is ne g lig ib le  b a se d  o n the  fo ssil re c o rd s fo r p a st 

re ve rsa l e p iso d e s. 

 

Ea rth is no t the  o nly p la ne t tha t ha s re c o rd e d  the  p la ne t’ s histo ry o f its 

ma g ne tic  fie ld .  Ma rs a lso  ha s re g io ns whic h ha ve  re c o rd e d  a  stro ng  

g lo b a l ma g ne tic  fie ld . On Ea rth, this g lo b a l ma g ne tic  fie ld  is c o nsta ntly 

re g e ne ra te d  b y the  d yna mo  p ro c e ss. On Ma rs ,this me c ha nism is no  

lo ng e r o p e ra ting  a nd  o nly the  fo ssil tra c e s o f it whe re  a nc ie nt, mo lte d  

c rust so lid ifie d  a nd  to o k o n the  ma g ne tic  fie ld .  The se  re g io ns a re  kno wn 

a s c rusta l ma g ne tic  fie ld s.  It is tho ug ht tha t pe rha p s Ma rs ha d  a  thic k 

a tmo sp he re  b ut tha t the  lo ss o f the  g lo b a l ma g ne tic  fie ld  ha s ta ke n a wa y 

the  shie ld  p ro te c ting  it fro m the  so la r wind .  The  id e a  is tha t this wo uld  le a d  

to  a  lo ss o f Ma rs’  a tmo sp he re . 

 

1.6   Ma g ne tic  Fie lds in the  Unive rse  
 

Fo r tho usa nd s o f ye a rs, ma rine rs ha ve  use d  the  Ea rth’ s ma g ne tic  fie ld  a s a  

c o mp a ss to  find  the ir wa y to  sa fe  ha rb o r. The  Ea rth's fie ld  lo o ks simila r to  

the  ma g ne tic  fie ld  o f a  c o mmo n b a r ma g ne t. Eve ry sq ua re  fo o t o f the  

Ea rth is p ie rc e d  b y a  line  o f ma g ne tic  fo rc e , whic h lo o p s fro m d e e p  insid e  

the  Ea rth, a nd  fa r into  sp a c e , o nly to  re turn b a c k in a  g re a t c lo se d  c irc uit 

tho usa nd s o f kilo me te rs a wa y. The  a xis o f the  fie ld  is tilte d  b y a b o ut 11.5 

d e g re e s to  the  a xis o f ro ta tio n o f Ea rth. It is a  myste ry why this is so . 

 

No  o ne  kno ws why, b ut the se  kind s o f o ffse ts b e twe e n the  ma g ne tic  a nd  

ro ta tio na l a xis a re  fo und  a mo ng  the  ma g ne tic  fie ld s o f so me  o f the  o the r 

p la ne ts sho wn in Ta b le  1.  It d o e sn't ha ve  muc h to  d o  with a ny o the r 

o b vio us p la ne ta ry p ro p e rty tha t we  kno w o f. 
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                              Ta ble  1: Ma g ne tic  Da ta  for the  Pla ne ts 

 

 

 

 

 

 

 

 

 

 

 

 
 

The  Sun a nd  p la ne ts in o ur so la r syste m a re  no t the  o nly b o d ie s kno wn to  

ha ve  ma g ne tic  fie ld s. Astro no me rs ha ve  b e e n a b le  to  d e te rmine  tha t 

so me  d a rk, inte rste lla r c lo ud s se ve ra l lig ht ye a rs a c ro ss—simila r to  the  o ne  

sho wn b e lo w—ma y b e  p a rtia lly sup p o rte d  a g a inst g ra vita tio na l c o lla p se  

b y inte rna l ma g ne tic  fie ld s o r g a s turb ule nc e .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Planet Offset 

(degrees) 

Strength 

(Teslas / m
3
) 

Fluid 

Mercury ~14 6 x 10
12

 Fe-Ni 

Earth 11.5 8 x 10
15

 Fe-Ni 

Jupiter 10 1.66 x 10
20

 Metallic H 

Saturn 0 4.6 x 10
18

 Metallic H 

Uranus 59 3.9x10
17

 Unknown 

Neptune 47 2.16 x 10
17

 Unknown 

Fig ure  12 -  A typ ic a l 

d a rk inte rste lla r c lo ud  

illumina te d  b y a  sta r 

b e hind  it. (Co urte sy 

NASA-Hub b le  Sp a c e  

Te le sc o p e ) 

 

 

The se  fie ld s a re  a  tho usa nd  time s we a ke r tha n Ea rth’ s ma g ne tic  fie ld , b ut 

fill up  a  vo lume  o f spa c e  ma ny c ub ic  lig ht ye a rs in size . Ta b le  2 summa rize s 

so me  o f the se  fie ld  stre ng ths in typ ic a l yo ung , sta r-fo rming  o b je c ts. 
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Ta ble  2 -  Prope rtie s of Inte rste lla r Clouds 

 
Cloud Name Field Strength 

CB 26 74 microGauss 

S-106 1000 microGauss 

TMC-1 40 microGauss 

M17-SW 300 microGauss 
 

 
 

 

 

 

 

 

Astro no me rs ha ve  a lso  d e te c te d  ma g ne tic  fie ld s within c lo ud s o f p la sma  

e je c te d  b y ma ssive  b la c k ho le s in the  c o re s o f so me  g a la xie s. Fig ure  13 

sp a ns 1 millio n lig ht ye a rs fro m e d g e -to -e d g e  a nd  sho ws a  p a ir o f g a s 

c lo ud s sup p lie d  b y ma g ne tic a lly-fo c use d  b e a ms o f p la sma  fro m the  c o re  

o f the  g a la xy, se e n o nly a s a  sp o t o f lig ht a t the  c e nte r o f the  ima g e .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

If the re  we re  no  Sun o r so la r wind , Ea rth's ma g ne tic  fie ld  wo uld  e xte nd  fa r 

b e yo nd  the  o rb it o f the  mo o n, a nd  millio ns o f kilo me te rs into  

inte rp la ne ta ry sp a c e , in the  sa me  sha p e  a s a  b a r ma g ne t fie ld  o utline d  

b y iro n filing s. In re a lity, the  a c tio n o f the  so la r wind  c ha ng e s this p ic ture  

ra the r d ra ma tic a lly. As fig ure  14  sho ws, o n the  d a ytime  sid e  (le ft), the  fie ld  

sho wn with the  turq uo ise  line s, is p ushe d -in b y the  so la r wind  p re ssure , a nd  

o n the  nig httime  sid e  (rig ht), it is invisib ly stre tc he d  o ut like  a  c o me t's ta il.  

Fig ure  13 -  The  ra d io  g a la xy Cyg nus-A (Co urte sy NRAO) 

 

As Ea rth ro ta te s, a nd  a s the  so la r wind  a nd  so la r sto rms b uffe t it fro m the  

o utsid e , the  ma g ne to sp he re  tre mb le s a nd  c a n b e c o me  unsta b le . Whe n 

the se  ra p id , tho ug h sub tle , c ha ng e s ta ke  p la c e , c o mp a ss b e a ring s c a n 
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b e c o me  unre lia b le  b y up  to  se ve ra l d e g re e s a t Ea rth's surfa c e . In sp a c e , 

e ve n mo re  d ra ma tic  c ha ng e s c a n ha p p e n.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig ure  14 - 

A c a rto o n 

ske tc h o f the  

Sun's 

inte ra c tio n with 

Ea rth's 

ma g ne tic  fie ld . 

No te , no ne  o f 

the  e le me nts 

a re  d ra wn to  

sc a le ! 

Whe n the  so la r wind  a nd  the  ma g ne to sp he re  a re  ta ke n to g e the r a s a  

syste m, the y o p e ra te  like  a  se t o f p o we rful, b ut invisib le , va lve s tha t o p e n 

a nd  c lo se  d e p e nd ing  o n the ir p o la rity. Whe n the  so la r wind 's ma g ne tic  

fie ld  is o f the  so uth-typ e  p o la rity, it me e ts up  with Ea rth's ma g ne tic  fie ld  a t 

the  d a ytime  sid e  o f the  ma g ne to sp he re . He re , Ea rth's fie ld  p o ints no rth a s 

sho wn in Fig ure  16. The se  fie ld s a re  o p p o site  in d ire c tio n a nd  re c o nne c t, 

c a using  a  tra nsfe r o f p a rtic le s a nd  ma g ne tic  e ne rg y into  Ea rth’ s 

ma g ne to sp he re  fro m the  so la r wind . Se ve re  ma g ne tic  storms a re  

trig g e re d , a nd  the se  c a n b e  e a sily se e n e ve n a t g ro und  le ve l with 

se nsitive  ma g ne tic  fie ld  d e te c to rs c a lle d  ma g ne tome te rs. 

 

Cha ng e s in the  so la r wind  a nd  in the  ma g ne to sp he re  c a n a lso  c a use  the  

ma g ne to ta il re g io n to  c ha ng e  in c o mp le x wa ys. As we  me ntio ne d  in 

Se c tio n 1.1, the  ma g ne to ta il re se mb le s a  c o me t’ s ta il a nd  is stre tc he d  b y 

the  so la r wind  into  a  va st c ylind e r o f ma g ne tism o ve r o ne  millio n 

kilo me te rs lo ng . Ma g ne tic  fie ld s in the  ma g ne to ta il c a n sna p  like  rub b e r  

b a nd s a nd  re c o nne c t the mse lve s (Se e  Re g io n C  in the  fig ure  b e lo w). 

Ma g ne tic  e ne rg y is lib e ra te d  d uring  the  re c o nne c tio n p ro c e ss, a nd  

c a use s c ha rg e d  p a rtic le s a nd  p la sma  to  b e  b o o ste d  in e ne rg y. The  

p a rtic le s flo w d o wn the se  fie ld  line s a nd  p lung e  d e e p  into  the  inte rio r o f 

the  ma g ne to sp he re  c a vity (se e  le ft-d ire c te d  a rro w ne a r Re g io n C ) a nd  

a re  d e te c te d  a s ”Bursty Bulk Flo ws.”   Othe r p a rtic le s flo w o utwa rd s (rig ht-

d ire c te d  a rro w ne a r Re g io n C ) a nd  a re  e je c te d  fro m Ea rth a s p la smo id  

c lo ud s whic h tra ve l into  inte rp la ne ta ry sp a c e . 
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Fig ure  15 - A 

d ra wing  o f 

ma g ne tic  fie ld  

line s in the  

ma g ne to sp he re . 

The  so la r a nd  

te rre stria l fie ld s 

c a n re c o nne c t, 

c a using  p la sma  

a nd  ma g ne tic  

mo tio ns sho wn b y 

the  a rro ws. 

So me  o f the  p a rtic le s mo ving  to wa rd  Ea rth e nte r the  Curre nt Disrup tio n 

Re g io n a nd   ta ke  up  te mp o ra ry re sid e nc e  in a n e q ua to ria l zo ne  c a lle d  

the  ring  c urre nt sho wn in Fig ure s 16 a nd  17. In this va st, invisib le  rive r  

c irc ling  Ea rth, ne a rly 40,000 kilo me te rs wid e , p o sitive ly-c ha rg e d  p a rtic le s 

flo w we stwa rd s a nd  ne g a tive ly-c ha rg e d  p a rtic le s flo w e a stwa rd s like  two  

tra ins o n the  sa me  tra c k. Unlike  the  e mine nt c o llisio n b e twe e n the  tra ins, 

ho we ve r, the  flo ws a re  so  d ilute  the y a c tua lly o c c up y the  sa me  vo lume s 

o f sp a c e  with little  inte ra c tio n.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig ure  16 - An ima g e  o f 

p a rtic le s in the  ring  c urre nt 

a fte r a  stro ng  ma g ne tic  

sto rm. Ea rth is o utline d  a s a  

sp he re , with so me  

re p re se nta tive  ma g ne tic  

fie ld  line s d ra wn-in. 

(Co urte sy -IMAG E) 
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Fig ure  17 - An ima g e  o f p a rtic le s in 

the  ring  c urre nt d uring  q uie t time s 

b e twe e n sto rms. (Co urte sy IMAGE) 

Fig ure  18 - The  a uro ra l o va l 

ima g e s fro m sp a c e  is a  ne a rly 

p e rfe c t c irc le . (Co urte sy 

IMAG E) 

 

 

 

 

 

 

 

It is a c ommon fallac y  found in many te xtbooks, that aurora are  c ause d 

by  flows o f partic le s dire c tly  from the  Sun. This is not the  c ase  for most 

aurora. The  most spe c tac ular and familiar one s are  c re ate d by  partic le s 

within Earth's magne tosphe re , and spe c ific ally  from the  magne totail 

re gion above  the  night- time  he misphe re . 

Othe r p a rtic le s fro m the  ma g ne to ta il rid e  the  fie ld  line s d e e p  into  the  

Ea rth's a tmo sp he re  a nd  c re a te  b e a utiful a uro ra . The se  a re  c a lle d  Fie ld  

Alig ne d  Curre nts (o r FACs). Fro m spa c e , Ea rth’ s Po la r Re g io ns a re  

e nc irc le d  b y two  ha lo s o f lig ht c a lle d  the  Auro ra l Ova l a s sho wn in Fig ure  

18. 
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Figure 19a -Coronal Mass 

Ejection (CME) ejection (SOHO) 

Figure 19b - CME ejection 

(SOHO) 



 

As the  so la r wind  flo ws o utwa rd  fro m the  Sun a nd  e nc o unte rs Ea rth’ s 

ma g ne tic  fie ld , it c o mp re sse s Ea rth’ s fie ld  o n the  sid e  to wa rd  the  Sun a nd  

stre tc he s it o ut o n the  sid e  a wa y fro m the  Sun. Se ve re  so la r sto rms, c a lle d  

Corona l Ma ss Eje c tions (CME) c a n p ro d uc e  ma jo r d isturb a nc e s in Ea rth’ s 

ma g ne tic  fie ld  tha t la st fo r ma ny d a ys a t a  time  a nd  c a use  Auro ra , a s we ll 

a s o c c a sio na lly trig g e ring  sa te llite  o uta g e s, a nd  e le c tric a l b la c ko uts o n 

Ea rth. 

 

The  ima g e s in Fig ure  19, ta ke n with the  So la r He lio sp he ric  Ob se rva to ry 

(SOHO) sa te llite  sho w two  sp e c ta c ula r CME e ve nts. The se  ima g e s we re  

o b ta ine d  b y the  sa te llite , whic h c re a te d  a n a rtific ia l 'to ta l e c lip se ' with a  

c irc ula r  p la te  p la c e d  o ve r the  b rig ht so la r d isk. Co nd itio ns o n the  Sun, 

a nd  the  re la te d  so la r wind , a re  no t c o nsta nt o ve r time .  Whe n the  Sun is a t 

the  a c tive  sta g e  o f the  a p p ro xima te ly 11-ye a r so la r c yc le , so la r fla re s a nd  

Co ro na l Ma ss Eje c tio ns a re  mo re  c o mmo n.  The re  ha ve  b e e n 22 o f the se  

sunsp o t c yc le s sinc e  the  mid -1700’ s, whe n the se  c yc le s we re  first 

d isc o ve re d . The  d ia g ra m in Fig ure  20 sho ws so me  o f the  mo re  re c e nt so la r 

c yc le s. The  e nd  o f Cyc le -23 o c c urre d  in 2006. We  a re  no w in sunsp o t 

c yc le  24. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20 - The number of sunspots over a 150 year interval. The Sun is more active when more 

sunspots are seen near the peak of each cycle. 

This inc re a se d  so la r a c tivity c a n re sult in fre q ue nt la rg e -sc a le  d isturb a nc e s 

o f the  ma g ne to sp he re  c a lle d  ma g ne tic  storms. The  mo st c o mmo n e ffe c t 

o f a  ma g ne tic  sto rm is a n inc re a se  in the  inte nsity o f the  Aurora  Bore a lis, 

o r No rthe rn Lig hts.  In the  So uthe rn He misp he re , the y a re  c a lle d  the  Aurora  

Austra lis o r the  ”So uthe rn Lig hts.”  During  se ve re  so la r sto rms, b o th Po la r 

Re g io ns sp o rt ha lo e s o f lig ht in a  p he no me no n c a lle d  a uro ra l c o njug a c y. 
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 1.7 Ma the ma tic a l Mode l of the  Dipole  Fie ld 

 
Be c a use  the  ma g ne tic  fie ld  o f Ea rth is a  ke y p la ye r in the  tra nsp o rt a nd  

tra nsfo rma tio n o f e ne rg y fro m so la r sto rms into  the  up p e r a tmo sp he re , a  

tre me nd o us e ffo rt ha s b e e n e xp e nd e d  in und e rsta nd ing  the  d e ta ils o f 

te rre stria l ma g ne tism. The  ma g ne tic  fie ld  o f Ea rth c a n b e  d e sc rib e d  a s a  

thre e -d ime nsio na l ve c to r a t e a c h p o int in sp a c e , 

 

Eq ua tio n 1   B = Bx X + ByY+ BzZ           

 

Whe re , X, Y a nd  Z a re  the  c o o rd ina te  unit ve c to rs, a nd  the  ma g nitud e  o f 

the  fie ld  in e a c h d ire c tio n is d e sc rib e d  b y the  e q ua tio ns: 

 

Eq ua tio n  2   Bx = 3xz M /  r5 

Eq ua tio n  3   By = 3yz M /  r5 

Eq ua tio n  4   Bz = (3 z2 – r2 ) M /  r5 

Eq ua tio n 5                         r2 = x2 + y2 + z2 

 

whe re  M is the  Ea rth’ s ma g ne tic  mo me nt a lo ng  the  Z a xis a nd  is g ive n b y 

M = 30,000 Re 3 , a nd  the  x, y a nd  z c o o rd ina te s (with a n o rig in a t the  

c e nte r o f Ea rth) a re  e xp re sse d  in units o f Re .  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21 - Lines of magnetic 

force based on equations 1-5, 

showing the 'dipole' shape. 

The straight black arrow 

represents L in polar 

coordinates. 
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Exe rc ise  1. A spa c e  physic ist wa nts to  de sig n a  sa te llite  ma g ne tome te r to 

me a sure  the  stre ng th of the  g e oma g ne tic  fie ld a t a  loc a tion g ive n by the  

xyz c oordina te s (disc usse d a bove ) in units of Re  a s (1.5, 3.1, 10.4). Wha t 

will be  the  pre dic te d stre ng th of the  fie ld a t this loc a tion in spa c e ?  

 

Answe r: Ne a r the  surfa c e  o f Ea rth, sc ie ntists d e fine  the  X, Y a nd  Z 

c o o rd ina te  unit ve c to rs, V, in suc h a  wa y tha t Y fo llo ws the  line s o f 

lo ng itud e , X fo llo ws the  la titud e  g re a t c irc le s a nd  Z is in the  ve rtic a l 

d ire c tio n to wa rd s the  lo c a l ze nith. The  Bx a nd  By c o mp o ne nts lie  in the  

lo c a l ho rizo nta l p la ne  a nd  the  a ng le  b e twe e n the m is the  so -c a lle d  

ma g ne tic  d e c lina tio n a ng le  D me a sure d  p o sitive ly e a stwa rd . This a ng le  is 

fa milia r to  a nyo ne  tha t ha s ha d  to  use  a  ma g ne tic  c o mp a ss to  na vig a te  

with a  ma p . One  c a n a lso  d e fine  the  ma g nitud e  o f the  ho rizo nta l 

c o mp o ne nt o f the  ma g ne tic  fie ld  a s  

 

                                                               2              2    1/ 2 

Eq ua tio n   7                                H = (Bx     +     By )  

 

 

The  re ma ining  c o mp o ne nt a lo ng  the  Z-a xis, me a sure d  to  b e  p o sitive  

d o wnwa rd s a nd  ne g a tive  to wa rd s the  lo c a l ze nith, g ive s the  Dip  Ang le , I, 

a c c o rd ing  to   

 

                                                                    Bz 

Eq ua tio n  8                                 ta n(I) = ( --- ) 

                                                                     H 

 

The  to ta l ma g nitud e  o f the  ma g ne tic  fie ld  ve c to r is a b o ut 0.5 G a uss units 

o r e q uiva le ntly 50,000 na no Te sla s (nT). 

 

 

 

Exe rc ise   2. Using  pola r c oordina te  pa pe r, plot Equa tion 5 for fie ld line s a t  

L = 1.5, 2.5, 3.5 a nd 6.0. 

 

Answe r: The  e q ua tio n o f a  sing le  fie ld  line  in p o la r c o o rd ina te s ta ke s a  

simp le  fo rm 

 

Eq ua tio n  6   R = L c o s2 (Λ) 
 

whe re  L is the  le ng th o f the  a rro w in Fig ure  22 in units o f Ea rth ra d ii (Re ) 

a nd  Λ is the  ma g ne tic  la titud e  a ng le  whe re  the  fie ld  line  e nte rs Ea rth’ s 

surfa c e . The  sha p e  is symme tric  a b o ut the  ma g ne tic  e q ua to r. 
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Exe rc ise  3. Find the  ma g ne tic  la titude s for fie ld line s tha t c ross the  

e qua toria l pla ne  a t L = 3.0, L=10.0, L=20.0 a nd L = 30.0. If ma g ne tic  storms 

a re  produc e d by ma g ne tic  re c onne c tion e ve nts be twe e n L=15 a nd L = 35, 

a t wha t ma g ne tic  la titude s will g round sta tions obse rve  sig nific a nt 

c ha ng e s?  

 

Answe r:  In the  a b o ve  e q ua tio n, a  d ip o le  fie ld  line  tha t e xte nd s to  L = 4Re , 

re a c he s the  surfa c e  o f the  Ea rth ( r = 1.0) a t a  ma g ne tic  la titud e  o f 60o .  

 

II.  Spa c e   We a the r Effe c ts 
 

2.1  Ma g ne tic  Storms a nd  Aurora l Ac tivity 
 

Ne a r the  p o le s o f Ea rth, o b se rve rs ha ve  o fte n se e n g lo wing  c lo ud s sha p e d  

like  c urta ins, ta p e strie s, sna ke s, o r e ve n sp e c ta c ula r ra d ia ting  b e a ms. 

No rthe rn He misp he re  o b se rve rs c a ll the m the  No rthe rn Lig hts o r Auro ra  

Bo re a lis. So uthe rn He misp he re  o b se rve rs c a ll the m the  So uthe rn Lig hts o r 

Auro ra  Austra lis. Be c a use  mo st p e o p le , a nd  la nd  ma sse s, a re  fo und  no rth 

o f the  e q ua to r, we  ha ve  a  lo ng e r re c o rd  o f o b se rving  the m in no rthe rn 

re g io ns suc h a s Ala ska , Ca na d a , Sc a nd ina via , b ut so me time s a s fa r so uth 

a s the  Me d ite rra ne a n Se a  o r Me xic o ! 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 22 - A photograph of an aurora borealis taken in Alaska. (Courtesy 

Dick Hutchenson).  
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