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Exploring the Aurora with IMAGE

The Earth is sur rounded by an invi si ble, and com plex,
regi on cal led t he magnet osphere,  i n whi ch char ged
particl es,  cal led pl asmas, ar e af fect ed by t he t erres-
trial  m agnetic field. Resem bling a com et, the m agne-
tospher e i s dr awn out  i nto a l ong t ai l,  cal led t he
magnetotai l, on t he ni ghtim e si de of  t he Ear th. The
Earth’ s field changes in com plex ways when the sun,
or the sol ar w ind are act ive,  causi ng magnetic storms
detect abl e f rom  the gr ound.  Dur ing t he m ost  sever e
m agnetic st orm s, t he m agnet otai l accel erates pl asm a
into t he i nterior of  t he m agnet ospher e. Ther e, t hese
cur rents col lide w i th oxygen and ni trogen at om s t o
produce the aurora boreal is and aurora aust ral is, also
cal led the Northern and Southern Lights.

The Im ager for m agnetospher e-to-Auroral  G lobal  Ex-
ploration ( IM AGE) w i ll st udy how aur ora ar e pr o-
duced usi ng an i nst rum ent cal led t he Far  U l travi olet
Im ager. (http: //im age.gsf c.nasa. gov/ poet ry )

Far Ultraviolet Imager (FUV)

The FUV i nst rum ent, onboar d t he I M AGE satel lite,
consi sts of  t hree separ ate sensor s;  t he Spect roscopi c
Im ager ( SI), t he W ide-band I m ager ( W IC) and GEO.
These i nst rum ents wor k l ike a hom e vi deo cam er a
where f ocussi ng l enses concent rate t he l ight, and an
im aging sensor  array detect s the light and bui lds- up the
picture elect roni cal ly. These inst rum ents also have fil-
ters t o l im it t he det ect ed, ul travi olet l ight t o speci fic
wavelengths.  Thi s hel ps space sci entists i nvest igate
speci fic issues havi ng to do w ith the way that aurora are
produced and how t hey change i n t im e. The i nst ru-
m ents w ill be used to study the ext ended atm osphere of
the Ear th ( cal led t he exospher e), aur oras pr oduced by
the bom bar dm ent of  oxygen and ni trogen at om s by

Im age of the Geocorona obtained by the SOHO sat el lite.

The auroral  oval  as vi ewed by  the POLAR sat el lite
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Scientists have proposed that changes in the mag-
netic field in the magnetotail region, cause releases
of energy that eventually supply the battery to ‘light-
up’ the aurora on Earth.  Let’s explore this idea in
more detail to see what they are talking about!

H ow big a bat tery?
Energy is stored in a m agnetic field, and the am ount depends on how strong the field is, and how big a vol um e it

occupi es.  Let’s suppose the vol um e of the m agnetotai l regi on is a cyl inder  w ith a hei ght of  300,000 ki lom eters, and a ra-
dius of  60,000 ki lom eters. Use the form ula for a cyl inder  to est im ate the m agnetotai l vol um e, in cubi c m eters.

V = π π π π r 2   h   = 3.14 x (6x109meters)2   x (3x1010meters) = 3.4 x 1030 cubic meters

The form ula for the energy of  a m agnetic field is:

10
7

E =   ———   B2  x  V
8 ππππ

where B is expr essed in Tesl as,  V  in cubi c m eters,
and the energy w ill then be in uni ts of  Joul es.

H ow m uch energy do you need to light -up the auroras in the Nort hern and Southern H em ispheres?

Auroras are powered by cur rents of  elect rons that car ry about  1,000,000 Am peres.  Your hom e  uses about  200 Am peres at
110 Volts. The atm osphere that this auroral  cur rent has to flow through has a resi stance of   about  0.1 Ohm s.

Elect rical  power is cal cul ated usi ng a form ula
that relates resi stance (R) and cur rent (A)  to the
power (P) that they can produce in a ci rcui t:

P = I2 x R     Joules/second

where R is m easured in Ohm s, and I is in Am peres.

H ow m any seconds can the m agnetotai l ‘bat tery’  cont inue to suppl y energy to the aurora to keep them  goi ng?

Suppose that onl y 1%  of the avai labl e energy from  the m agnetotai l act ual ly went into produci ng the aurora. About how
long would the aurora last  bef ore it has used up the avai labl e energy? The answer to the first  quest ion tel ls us how m uch
power is avai labl e. The answer to the second quest ion tel ls us at what rate (energy per second)  the aurora are wasting en-
ergy as light and heat  are gener ated. To find out how long this can cont inue, divi de the answer from  quest ion one, by the
answer from  quest ion two:

0.01  x  5x1017 Joules
Time =  —————————————— =   5x104 seconds, or about  14 hours

     1011 Joules/second

For a m agnetic field w ith a strength of  1 x 10
-9
 tesl as,  and

the  vol um e of space you just  cal cul ated, the total  energy of
the m agnetotai l field is:

E = 3.9x105 x (1 x 10-9teslas)2 x 3.4 x 1030m3

E = 5x1017 joules

As a com parison,  your  house uses about  10
8 
joul es of  elec-

trici ty per day.

The total  auroral  power is then:

P = ( 106 Amperes)2 x (0.1 Ohms)

    = 1011 Joules/second
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Aurora seen from  space


