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1-D normal distribution

f(x; uo) =
3-D normal distribution

f3D (X, V,Z; Uy, :uy’ Uz, Oy, O-y' O-Z)
= f(X; Uy, ) - f(y; Hy» O-y) - f(z; 1z 0,)
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For different (1, a), plot the following functions
f(x; u0)
xf(x; 1, 0)
x2f(x; p,0)
x3f(x; p,0)
and determine the integration of these functions over
entire x space.



Considering an ath species of a gas or a plasma has an
isotropic normal distribution function in the velocity space

with number density n,, average velocity V,, and thermal
speed o,, the distribution function can be written as

fa (vx» Uy, Uy, Vax: Vay: Vaz' O, Ny )

U (vx R ax)z + (vy _ ay)z + (vz o Vaz)z
— 3 €XP [_ ]
(V2may) 204°



For different (n,,V,, 0,), discuss the following functions’
behavior
fa (vx» Uy, Uy, Vo Vay» Vaz) O na)
U fa (vx: Vy, Vs Vo Vayr Vaz) O na)
Vs fa (vx: » Vs Ve Vayr Vaz) O na)
Vs fa (v Uy, Vs Var Vays Vaz) O na)
Uy yfa (vxr Uy, Uy, Vo Vay' Vaz) Oa na)
Ux vyfa (vx: Vy, Vs Vo Vay Vaz O na)



on, (x,t N
“a(t ) + V- [n,Z OV, (X,t)] =0 (1.14)
om n, (%, OV, (% t)
ot
(1.15)

47 [mana G OV 0 V(% £) + Py (% t)]
= e n, (% [E t) + V(% t)XB(%, )]

a 1 - 27> 3 g4
E [E mana (X, t)Va (x; t) + Epa (x’ t)]

1 3 R 3
47 Ui Mana(E, OV2(E,0) + > PR, t)] V(%) + B, (% t) (1.16)

TGO + 3. t)} —en, (ROEGD - V(20



where a =iore
ng,(x,t) is the number density of the ath species,

V(% t) is the average flow velocity of the ath species,

P.(%t) is the thermal pressure tensor of the ath species,
po(x,t) is the scalar pressure of the ath species,

Go(%,t) is the heat flux vector of the ath species,

and we define

1 3
P (X, t) = 2 trace[P,(X,t)] (1.17)
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If we assume that the thermal pressure of the ath
species is isotropic and assume that the change on the
thermal pressure is an adiabatic process, the above fluid
equations can be casted into the following simplified fluid
equations: continuity equation, momentum equation,
adiabatic equation of state (energy equation) of the ath

species. ( 75 Lyu [2014] E=FWIHEEZ )

o - ,
’a_ +V, - V|ng = —ng? - 7, (1.18)
a — | = — — -
MaMa 50 +V, - V|V, =—Vp, +en.(E+ V,xB) (L19)
0 7 : Spa =
— v v 1.2
g Tl V|Pa =30 ’at+V“ ]"“ (1.20)




jfff(vxt)d3v+\7 fffvf(vxt)d?’ =

g a(f D v I, GO 8)] = (1.14)

n (3, t) = M (5,7 6)dv

n, (% OV, (%,t) = M B, (B, %, £)d3v

where



—fffm [, (D, X, t)d3v+\7 fffvm v, (U, %, t)d>v
fﬂe f, (v, %, t)d3 E(x t)

+ _fﬂe vf, (¥, %, t)d> ]xB(x t)

—
om n, (% )V, (%, ¢t)
ot
+7. [mana @ OV.(Z ) V(2 6) + B, (@& 1)

(1.15)

= e, ny (% O[E R t) + V, (& )XB(%, 1]
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where
[ f f ] UM, Ufe (9, %, t)d%]
(] mel(6 - )+ 701G - %) + Tlto.5. 00

= [mona (2 07,0 7, 0) + B D)

and

R0 = ||| me = TG - T feB.7 0w
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e[| zmev* 050000+
5 zmav fo(V, X, %

V- {fff "E%mavz f, (¥, %, t)d?’v}
_ Ujj e Bf, (% t)d3v] CB@ 0

-

d 1

- = 3 v
|5 Mane G OV + S p, G0

1 3 R 3
+7 - {[E Mot OV (E,0) + PR, t)] V(% t) + B (% 1)

V@D + 3, (%, t)} — e n, OV, G - B )

(1.16)
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where

[ e 1@ 20| = [ gt -8 1.0 200
B fff %ma[(ﬁ ~ Vo) + Vo] - (B~ Vo) + Vo] fu(B, %, £)d3v

;p (%, t)]

py(# ) = = Ufm(v ANCEAYTICER L,
§trace ﬂjm (V- V)(v V)f(vxt)d3]

1
= §trace P (x, t)]

E‘m ng (X, OVE (%, t) +
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{ﬂf E%mavz f. (U, X, t)dBU}
_ Uj%maﬁa-ﬁfa(a,f, £)d3v
= [[[ Zmel = %) + i3 = ) + W
(B -V) + V)@, % )d3v
= F Mg G OVE G ) + 2 pa t)] V(%) + By (%, £)

2 2
' Va(f: t) + (_ja(f' t)

Go (%, 1) = ﬂf %ma(v3 ~ V)% = V)

(D=1, f,(B, % t)d3v
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(1.14) =
0

T 7|y = =,V -
(1.15) — m, V(% t)(1.14) =
om,n, (& OV, (%, t) on, (%, t)
ot ot
47 ’mana @ OV ) V,(%,£) + B (% )
_ mal_/)a (f: t)V_) [ Ny (3_5: t_))l_/)a (f: t)]_)
= e, n, (X, )[E(x,t) + V,(x,t)XB(x,t)]

For isotropic pressure P,(%t) = 1p, (% t) =

_ maV)a (3_5; t)

a — — - — —
n,me [a +V, - \7] Vv, =—-Vp, +en,(E+ V,XB)

(1.18)

(1.19)
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For isotropic pressure P,(%t) = 1p,(%,t) and
adiabatic process G, =0

(1.16) — %mavaz (%,6)(1.14) — V, (%, t) - (1.19)

. 1
= (116) = Vu(%,0) - (1.15) + o meV2 (%, 0)(114)
5

319 - -
:Ela_l'va ' V]pa +§pa[V'Va] =0
Substituting (1.14) into the above equation to
eliminate [V - V,], it yields

[a+v \7] SP“[ +V \7]
at pa_ at a na

(1.20)
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Appendix E HUfEFEETAR :

e, is the charge of a particle of the ath species
BIg0 : e, =e, e, = —e.5EAHq;,q, X e; e, 75 1
PREA cia EEfRTRAa  BRRERE 5 heat Flux density.
trace [pa = (Pyxx + Payy + Puyy) FRE B, OSEBET
VP - ZRPERVE AARA -

“isotropic” Wi ' HMEMY L FERE - MR —{ERE DK
B @) = f(ve vy, v,) NFREAE (UHMEFE A
MR Z]I9EE R moving frame EMHEDH ) Bl —1&15
aMERRE MR f(W) = f(v) TRLERILE F19RER
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moving frame 1#HEVR] - AEIRIIEEEASE - RE D

[BIEMEE - NSRS - BBV isotropic F 270 i K 2]

B Mg TR~ A
s—iEA

fa(ﬁ); O-a'na) — fa(vx' Uy, Uz O, Ny )
N, [ vi + v, + v
= exp [—
(V2ra,)” 20,

so that

ff f,(V)d3v = ff fo(W)dv, dv, dv, =n,
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SB_TEHA
ff f,(d3v = ff fo(W)v?sin6 dv db do
= [ fuamvav = [ fiwav =n,

where
. n Vi + v + v,
Av? fo (V) = 41 v — exp [ 2
(vV2moy,) 204
n v?
= 41 v*? - 3 €XP [_ 2]
(\/2710“) 204
—
2 N, v?
= |—— vle
N o adl 2047

|
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Thus, we have

5 )
‘. _ |[2Na 5 _ Y
fo(v,o,,n,) = \E p Ve exp [ 2%2]
The isotropic distribution function f; (v;o,,n, ) is

also called Maxwell-Boltzmann distribution.

(https://en.wikipedia.org/wiki/Maxwell-Boltzmann_distribution ).
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