Mission Science Content Outline
A. Main Page: 5 satellites to solve a mystery…

a. ground-based observations of aurora going from an arc across the sky, to brightening and then splitting into many different forms and moving quickly across the sky. <get photos of all-sky camera from GBO team and IMAGE or POLAR satellite with camera and all-sky aurora (quite versus crazy) and global image (quiet versus crazy)>
b. satellite observations of aurora: a well defined oval of light around the magnetic north and south poles which then brightens in a localized region (usually around midnight), then the oval of light expands both poleward and equatorward very quickly with the oval breaking into many different small structures. <pictures and movies-see comments in Aa.>
c. The mystery is why does the aurora go from being a motionless, uniform band or oval of light to a rapidly moving ensemble of small pieces of light in such a short time (within minutes)?  THEMIS is trying to answer this question.

B. History of Aurora

a. People recorded lights in the sky from a long, long time ago (red lights at lower latitudes, green at higher latitudes)

b. In 1600 Gilbert published “De Magnete” giving the first explanation that Earth was itself magnetic.

c. In 1716 Sir Edmund Halley pointed out that aurora is aligned with Earth’s magnetic field.

d. In 1790 Henry Cavendish discovered that aurora light is produced at 100-130 km in altitude (about 60 miles above Earth’s surface).

e. 1859 Richard Carrington showed that the aurora is somehow related to solar eruptions

f. aurora in northern and southern polar regions
C. Substorm history

a. Geophysical year (1957-58): want to know about global aurora

b. Akasofu and Feldstein independently use ground-based all-sky cameras to separate time versus space question involved in aurora - auroral oval and substorm ideas born.

c. Auroral oval - seen on front page, include image here too but with all-sky field of views.

d. Definition of substorm and Akasofu's drawing (do we need permission to put it on the web from AGU?)

e. DE satellite takes first global of image of aurora from space - Akasofu was right!

D. Sun-Earth Connection

a. in some early year, someone noticed connection between sunspots on sun and auroral activity

b. turns out the upper atmosphere of the sun is so hot that it flies out into space and escapes the sun's gravity = solar wind. 

c. Solar wind is made up of plasma (fourth state of matter - IDEUM image), i.e. charged particles. 

d. charged particles interact with magnetic fields

e. Sunspots on the sun are areas of active regions that spew out more solar wind and higher energy solar wind

f. Correlation of sunspots to aurora implies that somehow this "active" solar wind gets transmitted to the upper atmosphere through Earth's magnetic field. But how? 

E. Magnetosphere

a. Earth has its own magnetic field and the sun has a solar wind.  This interaction produces the magnetosphere <magnetic field lesson link to learn more!>

b. Solar wind's interaction produces a magnetopause and magnetotail.  Dayside versus nightside terminology.

c. Plasma found inside magnetosphere (a combination of super-heated Earth and Sun's atmosphere)

d. As a crude model, we can imagine the magnetic field lines as wires.  Just as in an electric circuit that turns on a neon light bulb <electric circuit lesson>, currents have to flow to turn on the bright, quiet aurora before substorm onset.

e. (maybe…) recently there is more and more evidence that the bright aurora that is seen right before breakup (onset aurora) is caused by electrons surfing magnetic waves down into the upper atmosphere.  

F. Two theories: THEMIS will decide!

a. there are currently two competing theories for what happens in the magnetosphere to cause the aurora to erupt into fast moving and small forms of light in the sky, known as breakup

b. THEMIS Mission was in part named after the goddess Themis who is the Goddess of Justice.  The idea is that the mission will use the principles of just and balance thought to objectively determine which of the two theories are right <see Themis the Goddess web pages or make own>

c. When a system is pushed into an unstable state, it only needs one more small push for it to collapse or break or change, releases energy.  For example if you try to put energy into a non-rechargeable battery or… need more examples!  What breaks in the magnetosphere to cause auroral onset? The two theories go something like this (here we definitely need a couple different levels of explanation).

i. magnetic reconnection theory:  <see lesson, include movie of snapping field-lines in tail>

ii. current disruption theory <need to develop something here after talking to people/reading papers about this theory - its tricky>

