Space Weather - Homework - Due Dec 7

The purpose of this assignment is to make
sure that you are prepared for the lecture on
Thursday, December Tth.

This is a short and easy assignment, so you
should be able to complete it before class. Please
feel free to contact me if you have any questions.
I will do a better job of teaching on Thursday if
you bring questions to me. My contact informa-
tion 1s:

E. Alec Johnson,
Departement Wiskunde
office: room 04.33,
Celestijnenlaan 200B
desk phone: +32 16 32 79 64
email: Alec.Johnson@wis.kuleuven.be
office hours: 10-12 and 14-17pm
daily.

Problem 1

Derive the equations of the two-fluid Maxwell
model by taking moments of the kinetic (i.e.
“Vlasov”) equation. You may neglect the devia-
toric pressure, the heat flux, and all moments of
the collision operator; except resistive drag force
in the momentum evolution equation. Do not
just plug e.g. x = v into the generic moment
formula derived in the slides. Do a full deriva-
tion. You will need to use integration by parts
to handle the velocity divergence.
We started this in class. For example:

/vv(atf+vx.(vf)+vv-(af) :c)

The term with the spatial derivative gives rise to
nonlinearity; decompose the velocity as v =u+
¢, where u := (v) is the fluid velocity and c is the
thermal velocity. [ vVy-(vf) = Vyx- [ vVvf,
and [ vvf = p(vv) = p((u+c)(u+c)) =
p (uu + ule) + fefu + (cc)) = puu+plce); P :=
p(cc) contains unknown “bad stuff” arising from
nonlinearity (for which a closure assumption is

needed). Using integration by parts and assum-
ing that f vanishes at v = oo, [ vV,-(af) =
J, Vertav]) — [,a-(Vov)f = — [,a-If =
— [, af = —p(a). For the collision term you will
need to make use of its conservation properties,

0
eg: [,vC= [ (u+¢c)C = uf{f'—k J,cC=R.

Finish this up and move on to energy evolution.

Problem 2

Integrate the equations of mass, momentum, and
energy evolution over a fixed or convected con-
trol volume €2 and physically interpret each term.
For example, choosing a fixed control volume 2
and integrating the momentum equation yields:

(/qu>t+7ggﬁ.(puu)+7ggﬁ.p:/QJE+_”

which says that the rate of change of fluid mo-
mentum in € is minus the flow of momentum
across the boundary minus the total pressure on
the boundary plus the force of the electric field
plus....

Problem 3

Add the mass density evolution equations for
ions and electrons to obtain a bulk density evolu-
tion equation. Do the same for bulk momentum.
Handle the nonlinear term ZS psUsUg by writing
ug = u+ wg, where u is bulk fluid velocity. Sep-
arate out the “bad stuftf” involving wyg, just like
in Problem 1. You can call it “drift pressure.”

Problem 4

Read the mnotes posted at the top of
“http://www.danlj.org/eaj/math/research/
presentations/”. Identify the first point
in the notes that you do not understand
and formulate a question. I will poll you

for questions on Thursday!



