SRR
Maxwellian Dlstrlbutlon Equilibrium f

» What f satisfies our equilibrium requirement (i.e.,
what is equilibrium vel. distribution f )

fo(Ci’)fo(Zi’): 1:O(Ci)fo(zi)
 Consider requirement on In (f,)
In f,(C/)+Inf,(Z))=Inf,(C,)+Inf,(Z)
— so ZIn f, is a “conserved” quantity (before vs. after
collision) at equilibrium
» KE and momentum also conserved in collision

— “guess”: In f, is some linear combination of other
conserved quantltles

In f,(C,)=a, +a,mC, + a,mC, + a;mC, B Lnc?
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Equmbrlum Distribution Constraints

* Rewriting assumed distribution requirement

In f,(C,)=a, +a,mC, + a,mC, + a;mC, ,B Lnc?
_pme?
fo (C| ) — AealmcleaszZea3mC3e 2
e Other constraints?
1) random velocity C,=C,=C,;=0

Cz_Cf+C22+CS2

2) PDFnormalized [ [ [f,(C)dv, =1

——————

1
3) P.G. result p =nkT =§nmc2
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Constraints
* Apply constraint 1
—e0, C = Cf,(Cav, =0
— C, is odd function

— integral zero only if f even/symmetric

in C, x=C,
» oddxeven = odd ,ﬁLCf ,ﬂﬂczﬁ_cgz)
f (C): Ae@MCig 72 g@aMCs qaaMCsg 2
0 1 L

even
only even if 0,=0 = @®™1 =1

— similar analysis: o,=0,=0;=0
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» Apply constraint 2 Tﬁfo(ci Jav, =1

c
—00—00—00

0 7ﬂm7ClZ 0 7ﬂm7CzZ 0 —ﬁLCg
AJ: e 2 dClJ: e 2 dCZJ: e 2dC,=1
— three identical integrals

12
— from V&K Appendix A.1 1,(a)= jo edC = %[gj

j:e*aczdc =2 jo‘” ecdc

3/2
-s0 | A= (@j
2
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Constrai nts

« Apply constraint3 ¢z - 3kT ol kT

m

] 3 m
- cz=["czf (c v
- e.g., for direction 1 i Lo j o( .) c

( ) [ [ [ cte 2 dC,dC,dC,
m
( '[ Ce 2 lj_weﬂzdczj_weﬂde
12
V&K AL 21,(a)= 2_[0 X% dx:%[%} 21,(a) , 21,(a) ,
_ (272_)1/2 (ﬂm)’” 1 = (Zﬂ/ﬂm)]/ = (Zﬂ/ﬂm)]/
— ,3 — _— | same thing we found in Stat. Mech.
kT for Boltzmann Distribution
SR AE/ME 6765

1bch|1P Sl _ﬁ;;
I\/Iawelllan Velocity Distribution
e Result

3/2 2
f (C )_ m / e ';ET Maxwellian Velocity
o\™i/ ™ 2 7kT Distribution

— Gaussian distribution
— essentially translational KE distribution

* In equilibrium, probability of finding molec. in
class C,—C,+dC, independent of other directions

vz m o,
£,(C,)=(C,Jo(C, }o(C,) cp(g):[L] e 7

27KT

also Gaussian
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Maxwel__llan Speed Distribution

» Sometimes don’t care about direction, just magnitude

C=[C|=4C+C;+C;

» Define speed PDF,
n;((C)dC = number density of molec. with speedC - C +dC

-mc?

m 3/2
C)=|=—=| 4nC?e ™

e Can use to show

/ 2KT 8kT. o _ 3KkT
Co =

e s AE/ME 6765

MaxWe_Illan Speed Distribution

» Sometimes don’t care about direction, just

magnitude . —[c|- Jezciact
 Define speed PDF,
— ny(C)dC=number density of molec. with speed

C—C+dC 02/
— this is volume of spherical shell in
velocity space c,
ny(C)dC =hdaC £ (C, JdC
x (c>=[m]3/z“”cz | 1=] sleke
° 27KT N
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Statlstlcal Characteristics
» What are most probable velocity and speed?

df, _ dz, _
ijP:dC :O:>ijp—0 Cmp:> ic :ODCmp— 2kT/m

i

» Find other statistical props. by looking at moments
— 15t moment of speed distrlbutlon

,mz

C=["crl(cHc=| (2ﬂij 47C2 e dC

o]

X=,/m/2kT C
/ —1/—8kT_[ x*e ™ dx e BT
dx =/m/2kTdC m o |3(1):]/2 am
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— but already know %m@ = EkT —C’=

Comparing

Statlstlcal Characteristics

2"d Moment

N 3/2 -m c2
czzjo C%(C)dczj0 cz(zﬂ”;Tj 4rC2 e dC
3 3kT

—z_/ﬁ
Jci = g

J2kT/m < /(8/7)KT /m < /3KT /m
Cmp<6< c?
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