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Outlime

1- Velocity Distribution

2-Reaction Rate and Equilibrium (Saha Equation)
3-E3

4- Boltzmann Distribution

5- Radiation (Planck’ s Function)

6- E4





http://scienceworld.wolfram.com/physics/MaxwellDistribution.html



http://www.falstad.com/gas/
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Maxwell-Boltzmann Molecular Speed Distribution for Noble Gases
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http://upload.wikimedia.org/wikipedia/commons/0/01/MaxwellBoltzmann-en.svg
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Energy Distribution Function
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E3

Find the fraction N /N of the total number of particles N having
speeds above a given speed V In a system of particles described

by the Maxwell-Boltzmann ¢
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The fraction N /N of the total number of particles N having speeds above a given speed V in a
system of particles described by the Maxwell-Boltzmann distribution.

Error Function

2 X e
erf (x) \/;J‘Oe dx

X erf(x)
0 0
0.2 0.2227
0.4 0.4284
0.6 0.6039
0.8 0.7421
1.0 0.8427
1.2 0.9103
1.4 0.9523
1.6 0.9763
1.8 0.9891
2.0 0.9953
2.2 0.9981
2.4 0.9993
2.6 0.9998
2.8 0.9999
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At what rate does a chemical reaction
undergo changes under a given set of
conditions?

Reaction Rate: aA+ b B - products

Kinetic order determined experimentally

Rate = k[A]}“ Bl = d[A

AN i

& chemical potential Concentrations

Total order=m +n


http://www.millsaps.edu/www/chem/chem1223/ckinet1/index.htm
http://www.chem.hope.edu/~polik/Chem345-1997/kinetics/ChemicalKinetics1.html

Rateforward = Ra‘tebackward

Example:
CH, + H,O ------- >3 H,+CO,

The law of Mass Action will be:
Keq — [Hz][COz]/[CH4][H20]

aA+bB+.--< pP+qQ+---

AYARS Ago)

Keq: ZaZb' exp(



http://www.science.uwaterloo.ca/~cchieh/cact/c123/massacti.html

A 3 Sadion

( see page 135)

It describes the relationship between the electron, ion,
and neutral number densities e + A* > A

NNy, _ (22MKT)™* 27,

—€
ion eXp( Za)

1 h’ Z
a a
N, number density of electrons Nion number density of ions
n, number density of atoms m, mass of electron
K Boltzmann constant T Temperature
h Planck’ s constant e Electron charge
Zion Partition function of ion
Z, Partition function of atom
Xa E-AE;
Eionizaion  10Nization potential of neutral atoms

AE; nization Lowering of ionization potential



AE. i .tion LOWEring of ionization potential

AEioniza’[ion =6.96.1013 nell3 [eV]

Unit of n,is [m~]

Aa = Eionization_AE

lonization



Inglis & Teller Theory of Lowering of ionization Potential

(only for hydrogen atoms)

logn” =3.11-0.133x logn,

n Electron density [1/cm3]
n Energy level cut-off



Pressure

Boltzmann’ s Constant
Pressure \

N
P:PkT

Number Density of particles

Temperature

e

1 atm = 760 Torr (mm Hg) = 101325 N/m? (Pascal)
1 bar = 10° Pa

k=1.380102 J/K Boltzmann’ s constant
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For singly ionized plasma p=(2n+n)kT; n,=n;,

For multi-temperature plasmas p = nkT, + n,, KT+ n KT,

1on



NeMion _ f(T) f(T) I1s Saha Equation; p and T are given

N

a

n nlon I

f(T) }_.n v2fTn P
p=(2n+n KT KT

Assume an initial value for n,

Ne==>find AE;~=>Find y,—» Solve Eq above == new n,

New iteration



Equilibrium vs non-equlibrium
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http://fozzy.wvsc.edu/~naga/boltzmann_distribution.html
http://hyperphysics.phy-astr.gsu.edu/hbase/kinetic/popfrac.html

Consider a system with three particles (e.g.
H) each having four equidistance energy
levels.

2E1
El




We introduce an energy equivalent to 3E in the Box

Energy=3E

4
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Boltzmann Distribution

9
VA

a

N, =N e><|0( )

Number densityof atom in it energy state
Energy state of the i!" energy level
Degeneracy

Partition function

Total number of atoms

Temperature

Boltzmann Constant


http://www.ccp14.ac.uk/ccp/web-mirrors/wilson-group/education/statmech/smboltzappl.html
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Example

System of three particles

<[

@ has 4 energy levels.
Third energy level has a
degeneracy of 2
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2hc® 1
E(A,T)= o
e AT 1

Steffan-Boltzmann Law:

E=0T"
Wien Displacement Law:

3x10’
ﬂ“Max — T (Lisin A)

Bkl

Intensity (x 10~13)

lacklvecy Raclation

2000
Wavelength {Angsiroms)

Blackbody
Hadiakion

10,000 15,000


http://mamacass.ucsd.edu/people/pblanco/physics2d/lectures.html
http://csep10.phys.utk.edu/astr162/lect/light/x1planck.html
http://www.phys.virginia.edu/classes/252/black_body_radiation.html

ContinuouS G L_Ine

4000 A 7500 A

Continuous Spectrum

Absorption Spectrum of Hydrogen

Emission Spectrum of Hydrogen


http://www.physics.sfasu.edu/astro/color.html

Continuor - Spectrum

electron electron
()
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Absorption

ii‘l

Emission

AE=hv


http://www.colorado.edu/physics/2000/quantumzone/index.html




Radiation Energy
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Plasmas

Optically Thin <« Optically Thick



Maxwellian Distribution
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Complete Thermodynamic Equilibrium

TMaxweIIian - TBoItzmann - TSaha - TPIanck

Local Thermodynamic Equilibrium

TI\/IaxweIIian - TBoItzmann - TSaha

Partial Local Thermodynamic Equilibrium

TI\/IaxweIIian :TSaha



Example

For an atmospheric pressure hydrogen plasmas
having a temperature of 10,000 K determine the
following:

* number density of atoms, ions and electrons
Maximum number densities of atoms, ions and
electrons that can contribute to excitation of
hydrogen atoms from ground state.

*Density distribution of energy states of hydrogen
atomes

Intensity [J/cm-3] of hydrogen spectral line at
1215.72 A (first excited to ground state, g,=8, Z,,
=2,A,=4.699e8 s-1)



Project (Deadline October 5, 2011)

Prepare a Powerpoint presentation (PPP) with the
format similar to final presentation (see the Presentation
Format as described in the EE403/503 website).

Transfer this file to the your memory space
assigned for your project.

Put a link on top of your index.html file to access
the PPP file.

You still need to continue on your project with
new research materials.



