_ecture 10

e Newton’s law
 Equation of state
e Lorentz force



Summary of previous lecture

 Refraction
« \WWave equation (light waves)



Which angle does It bend?
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Refraction analogy
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Newton’s law -2 Momentum equation

du
m—=F+mg+...
dt
per unit volume
du =f+ pg =
o, dt
sum of all forces per unit volume
du
Oo—=—=VpP+ Q...

dt



Mean molecular weight

Pressure p — nkBT Depends on # of particles

Neutral hydrogen 0 =NM, Gas density

Ky ‘R
p=p—T=p—T
M, H
Universal gas constant
-23 2 ~-2 -1
k_Bzgnzl'SSXlO kgm*s* K _8315m2 2 K

m, 1.66x107°" kg



lonized hydrogen or neutral helium

Increased pressure [) = 2nHkBT 2 particles per H atom

n
lonized hydrogen P = E my Gas density
K SO
p=p—=-T = pﬁT u=1/2
m, /2 U
Neutral helium SO

|
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p =4nm, H



Hydrogen-helium mixture, neutral

Fractional number densities
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Fully ionized H+He mixture
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Stratification

sum of all forces per unit volume

du

—=—Vp+ Q...
'Odt P+ A9

du RT
,Od— — —Vi—pj-Fpg
L M

Isothermal case (T=const)

du  RT
pdt )7,

Vo+ Q...



Isothermal stratification

Hydrostatic case ‘RT

0= Vp+ 9
y e/
Cartesian coordinates 0, 0
gravity downward V=9d,| g=l 0| g>0
az —0
3 equations
O
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Integrate

Z component only z dependent

RT dp
== p=p(2)
u az
Separation of variables : :
d_p g " define scale height
p T =20
J7; HY

Lower & upper boundaries  ~ 2 47"

Id In p' = —I—

Po 0 H

Exponential stratification

ppoexp(—z/H)



|_orentz force

ng=QUXB
dt

per unit volume, for hydrogen (H) and electrons (e)

nm d(uy, +u,) =n(eu,, —eu, )xB+...
=~ dt —
p J

sum of all forces per unit volume

pgﬂ:—vp+pg+JxB+m

dt



Lorentz force (cont’d)
(IxB) Z(%O(VXB)X B)i =7
Hse EiikCam = 5il5jm _é‘imé‘jl

apply (B X (V X B))I — gijk Bj‘c"klm@| Bm
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Magnetic pressure & tension forces

sum of all forces per unit volume

pd—uz—Vp+JxB+pg+...

dt

sum of all forces per unit volume

du
pE:—ijﬁVBZ +ﬂioB-VBJ+pg+...

=JxB

combine / \

p(:j—ijz—v p+B?/2u, +ﬂiOB-VB+pg+...

.

v

\ Pmag /)  tensionforce



Tension force points...

du

p—:—Vp— -VB®+-LB-VB+pg+...

dt

A. Along B
B. Perpendic
C. Perpendic

—JB

Ular to B

Ular to J

D. Neither of them



