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Elecirodyiles, Mistell's Equations Ciavsson

Electrodynamics ¢aksen

Gaussuan Units I MKS Units I
Coulomb’s

Ampere’s 10D 10D
Ty J - |V H=J+ ——\

Faraday’s 1 8B aB
Law VxE+—— VxE + —
Absence of Free
Magnetic Poles | V-B=0 V-B=0
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| Constitutive Equations, Free space |

Continuity op
Equation [j.]} VJ+ 6_: =0

ok I -1 -

=8.854x10™ Coul/ Volt-m

=t [mo1 |p0=4nx10*7

I Ohm’s Law I[j:}lm

ME 637-Particle-11

|C = (ggHo) ™2

G Ahmadi|




Electrodynamics caksen

Electrodynamics e

Physical Quantities Symbol | MKS Gaussian

Polarization P 1 coul/m? 3x10° dipole moment/cm?3

Displacement D 1 coul/m? 12 x10°  statcoul/cm?
statvolt/cm)

Conductivity (o} 1 mho/m 9x10° 1is

Resistance R 1 ohm (1/9)x10™ s/cm

Capacitance c 1 farad 9x10" cm

Magnetic flux F 1 weber 10° gauss cm? (maxwell)

Magnetic induction B 1 weber/m? 10* gauss

Magnetic field H 1 amp-turn/m A x10%oersted

Magnetic Induction M 1 amp/m 4ixlofamag. moment/cm3

T
Inductance L 1 henry 9x10"
For accurate works, all factors of 3 in the coefficients should be replaced by 2.99793.

Physical Quantities | Symbol | MKS Gaussian
Length Vi 1 meter (m) 102 centimeter (cm)
Mass m 1 kilogram (kg) 103gram (gm)
Time t 1 second (8) 1 second (s)
Force F 1 newton (N) 10°dynes
Work, Energy W, U 1 joule (J) 107 ergs
Power P 1 watt (W) 107 ergs/s
Charge q 1 coulomb (coul) 3x10° Statcoulomb
Charge Density P 1 coul/m? 3x10%tatcoul/cm?
Current | 1 ampere(coul/s) 3x10° statampere
Current Density J 1 amp/m? 3x10° statamp/cm?
Electric Field E 1 volt/m %xlO ‘* statvolt/cm
Electric Potential \% 1 volt 1/300 statvolt
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I Most aerosol particles carry some electrical charges I

Coulomb _
= P e

Electric Charge

Ie =1.6x107" coull Ie =4.8x10 " statcoul
Particle _
Mobility IqE = 3ruUd /Ccl I::’

Particle Charging e
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=2l exp{-n’e*/dkT}
Equilibrium Charge > —

R —n%e?/dk

Distribution n;oexF’{ n°e”/dkT}
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Particle Charging e

Coulomb’s Lawg Cese

Average Number of Charge

- < i dkT
n=Zm;lnIf(n)zifmlnIf(n)olnz o {j d >0.02u

Point
|-

EE}H |Iy = 41t| MKS
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Permittivity |[j g, =8.859x 102 2MP=56C
volt — meter
Coulomb’s q'q .
F=—(9x10
Law .:}l o AT \
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Field Charging Ssken

Diffusion Charging ke

neZn; t 2(e, —1). Ed?

— 1+ —" ) e

neZn, t+1 g, +2

2(e. -1 2
+ (€, )]EOI as t— oo
8p+2 de cgs

lap =4.3 for Quartzl
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|nimt:108 ion sec/ cm3|
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Field and Diffusion Charging Clarksen
University
Diameter Number of Units of Charge
wm Diffusion Field Combined
001 0276 0.0007 0.277
0.02 0.672 0.0027 0.675
0.03 1 0.0062 L12
0.03 21 0.02 212
0.1 5 0.07 5l
0.5 32 2 4
I (o] 7 T
2 149 28 177
3 234 63 297
5 414 174 588
10 889 694 1583
20 1901 2778 4679
30 5162 17361 22523
100 10054 GO583 B0537
200 23121 27778 N08GG
300 35767 625000 660767
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Elecirical Pracipitation Carksen
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> o 0 o0 0 0 o b=15-40 cm

Gas, U=1-3m/s
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Elecirical Pracipitation Carksen

u, << U, .:} 13|=u,C-
Up << U, I:} 1J]=u,C.

bUdC., = 2Jdx = —2u, C..dx

2U, X
bU

C. = Coo eXp{——}
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Pairtice Drift 1n 2 Elactric Fild oo

Equation \.:} du®

of Motion M = Fo+Fo +Fe
p

l::}lrdi—u —uf +19-— Eq—\

o x -
t—+Uu’=u, -Eq— -u =Uu +1g
dt ]
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Thermopnoratic Foree Carksen

Ap
For u,||E E:}‘TJFU =1- F\

- Eqr

u0 mu,
ForIFI_>>%, | - W =—Eq~
neglecting inertia U =-T m
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I0.25§Kn§oo|

M<<1

| 8KkT | -
¢ =|v" 1= f)“2 0=0.9+0.120,, +0.210, (1- 25

Iam = Momentum Accom mod ationl
I o, = Thermal Accom modation I
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Thermopnorstic Foree Carken

Continuum Regime

f
~3nud’C,,, K, [(5 + C,K,)1+1.33C, k,) ~1.33C, k, VT
K

f

(1+3C, Kk, )1 +25 +2CK,)
K

ot

Photopnoratic Force
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Diffusiophoretic Force
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Electrical Forces @

Coulomb Image Polarization
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Deposition Velogity Carksen
T" .
. . -4 I -2 L
Particleswith | ;- 1010 10 10 10
H b mee- Wood-Cleaver-Yates
Single Charge | , Fon Ahmadi |
+E=200 kv,/m
Lo E=20 kv/m
+» Neulral Particles
107+ ol
5107
107
107 “E=200
E=R%0
107 E-0
1o | . .
107 107t 10" 10t 10 10°
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Deposition W@H@Cl Clarkson

Comﬂm Remarks Carkson

T 10 10 10 10
Saturation T e ieave
Charge 10 ;3ataration Charge /4
107 h |
107 E=20 kv/m ‘;’:7 ;
Boltzmann | .| \j |
Charge |
107 : . . )
107% 10 10° 10t 10% 10°
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