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11.6 Distribution of Molecular Speeds

vz A
dNy_ - # of points in the slide
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The number of molecules with v, ~ v, + dv,
dNy, = Nf(vy)dvy
dey = Nf(vy)dvy
dNy, = Nf(v,)dv,
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11.6 Distribution of Molecular Speeds

* Assumption: v,, is not affected by v,

dszxvy -+ the number of molecules with v, ~ v, + dv,, v, ~v, +dv,
2

d Ny, ... fraction of v, component molecules with v, ~ v, + dv,
dN,,_
2 dN”y

d*Ny,y, = dN,, —= = dN, f(vy)dv,

B3Ny, = NF @0 (0,)f W) dv,dvydv,

the number of molecules with v, ~ v, + dvy, v, ~ v, + dv,, v, ~ v, + dv,
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11.6 Distribution of Molecular Speeds

« Density in velocity space
Consider a velocity space where velocity vectors of particles are distributed

dngxvyvz — Nf(vx)f(vy)f(vz)dvxdvydvz

dN, = Nf (v)dv,dv,dv,

X dN,,_: number of molecules in the slice v, < v < vy + dv,

Number density of velocity vectors
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Figure 11.1 Velocity space
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11.6 Distribution of Molecular Speeds

dp dap ap
ap = vy v, et v, o, A v, A
0
a_Tl)Dx = Na—vx (f(vx) f(vy)f(vz) — Nf (vx)f(vJ’)f(vZ)

Because of homogeneity of direction of particles,
there exist constraints along spherical shell of the velocity space

1) dp=0

NGO +f'(v ) b +f’(v)

Fom) T Ry T Ry 0

5/9




11.6 Distribution of Molecular Speeds

2) v = constant

Alvedvy, + vydvy, + v,dv, | = 0

L Lagrange’s method of undetermined multiplier

f'(wy) f'(vy) ') B
() + Avx] dv, + Fo) + Avy | dvy, + —f(vz) + /1172] dv, =0
f'(wy) 0 2

) + Avy =0, Inf = —vaz + Ina

_A 2 _p2., 2
f(v, = ae 2" = qe P
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11.6 Distribution of Molecular Speeds

3Ny, v, = NF (0)f (v )f (v,)dvedvy dv,

= Na e‘ﬁz(”’%”f”’”%)dvxdvydvz

The number of points per unit volume
dBvivyvz

— = Na3e~B*»*  Maxwell velocity distribution function
dvydvy,dv,

p

The number of molecules with speed v~v+dv
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11.6 Distribution of Molecular Speeds

Maxwell-Boltzmann distribution

Two, obvious relations are used to obtain a, 8 of N(v)

N =J dN, = 47TNa3j v2e PV qy
0 0
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E = ENkT = Emj v%dN, = ZﬂmNa?’J vie PV dy
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11.6 Distribution of Molecular Speeds

Finally, the Maxwell-Boltzmann speed distribution is given below

m 12
dN, = 4N (=——=)3/?v2e"™V"/2kT qy,
2kT
0.0025
0.002 300K
0.0015 \
dN,
N 0.001
0.0005
0
0 200 400 600 800 1000 1200 1400 1600 1800 2000
: o v [m/s]
Figure 11.2 Speed distribution of 0, molecules
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