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Exploring the Aurora with IMAGE
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Far Ultraviolet Imager (FUV)
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The Magnetotail Battery and Aurora

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!

Auroraseen from gae

1 [Howbig abattey?

Energy isgored in am agnetic fid d, and the am ount depends on how srong the fidd is and how big avol um eit
ooupi es Let’ssuppoxe the vol um eof the m agnetotall region isacoy inder with aheight of 300,000 kilom elers and ara
dius of 60,000 kilom efers U ==the form ulafor acyl inder to exim ae the m agnetotal vol um e,in aubi c m eers

V=nr? h =3.14x (6x10°meters)’ x (3x10'’meters) = 3.4 x 10* cubic meters

For am agnetic fied with agrength of 1 x 10° ted as and
the vol um eof gpace you jugt ca aul aed, the tota energy of
the m agnetotal fiddis

The form ulafor thee|71ergy of amagneticfiddis
10

_ 2
E= B" x V E = 3.9x10° x (1 x 10°teslas)® x 3.4 x 10°°m

_ 8 o E = 5x10" joules
whereBisexqresd inTedas V in aubi c m eer

and the ener gy will then be in units of Joul es

3

Asacom parion, your house uss about 10°joul es of dec
trid ty per day.

2 |Howm uch enegy do you need to light-up the aurms _in the Not hen _and Southem H em iphees?

Auroras are pow ered by aurrents of ded rons that carry about 1,000,000 Am pees Y our hom e uses about 200 Am pees a
110 Volts The am opherethat thisaurord aurrent hes to flow through has ared ¢anee of about 0.1 Ohms

Eledricd poweriscd aul aed ud ng aform ula
that rdaesres dance (R)and aurrent (A) to the
pow er (P) that they can produce inadrauit:

Thetotd aurord power isthen:

P = (10° Amperes)’ x (0.1 Ohms)

P=I°xR Joules/second "
= 10" Joules/second

where Rismeaaured in Ohmsand | isin Am pees

3 |Howm anysemonds_can the m agnetotail ‘batteyy _cont inue to suppl v eney o the auom__to keep them going?

Suppose that only 1% of the avai [abl e ener gy from the m agnetotall ad ud ly went into produd ng the aurora About how
long would the auroralag beforeit has used up the ava 1abl e ener gy? The answver to the fird question telsus how m uch
power isava lable The ansve to the ssoond question tdlsus a w hat rate (ener gy per ssoond) the arroraare waging en-
ergy as light and heat are gener aed. To find out how long this can continue, divi de the ansver from quest ion one by the
ansv e from quet ion two:

0.01 x 5x10" Joules
Time = = 5x10° seconds, or about 14 hours
10" Joules/second




