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Abstract- Maxwell's equations are a set of partial differeri@larization vector:

equations that, together with the Lorentz force law, form the nAv

foundation of classical electrodynamics, classical optics,

and electric circuits. These fields in turn underlie modern P= Alxlm)%

electrical and communications technologies. Maxwell's

equations describe how electric and magnetic fields are

generated and altered by each other and

by charges and currents. They are named after the Scottish > A

physicist and mathematician James Clerk Maxwell, who V= ! J..U. P 3R dv' :
4dregy *°°v R

published an early form of those equations between 1861

and 1862. 2 \2 \2 1)\2
R =(x=x) +(y-y) +(z-2)
I INTRODUCTION
, A a A A a
Vi=X—+y _—+72—
The equations introduce the electric field E, a vector field, OX oy 0z
and the magnetic field B, a pseudovector field, where A

' aR
each generally have time-dependence. The sources of =V (Ej =?
these fields are electric charges and electric currents, 1

- 1 d
. =V = P-VY — dv'
which can be expressed 4rs, H v R
as local densities namely charge density p and current IR N
1 P V.P
density J. A separate law of nature, the Lorentz force law, = .[U V' — |dv'— _UI —dVv
4re, v R v R
describes how the electric and magnetic field act on
char i . DA 5
ged particles and currents 1 ﬁ P-a, 45" VP .
= S'+fff ——d
v
1. DIELECTRIC AND CONDUCTOR 4z * R
Displacement vector: . =2 A
Surface charge density: pps= P- a,, .
- - - - - -
D=¢g,E+P=cE=¢,(1+y,)E=¢,¢ E .

Volume charge density: p,=—V - P

Total charge:
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> A > conductor or an n-type semiconductor the charge
o=ff P-a,d5'+ [[[V-Pdv=0 & :
s v carrier are electrons: q < 0
- 1 - - .
V-E=—(p+p,) :)V-[go E+ p)=p Hall field:
&o

- > - Eh =—\7><§:—(§/VO)X(2BO):—)AC

Define D=¢,E+P

= VD = pHatoltf§®-d S = Q

E 1
5> oo Hall coefficient: C, = ——=—<0
Note: Generally, D=¢E or J,B, Nq
If the material is a p-type semiconductor, the charge
D, S € &3 E, . ]
carries are holes: q> 0
Dy =|€xn € & Ey
D,] |l €2 €] |E Hall field: E, = v, B,
F Hall voltage: V, =—V,B,d
or Hall coefficient: C, >0
an2 .
// L"/\//}T:: . bi 2-2 Boundary Conditions of Electromagnetic
ol
. T\\'Zl%l/{u: ax Fields
E| A Medina L ial Boundary conditions for electric fields:
XW 4 Medum2
. di Eg. Show that E=0 on the conductor plane.
el (Proof) -+ The E-field inside a conductor is zero,
ec - —
« {EdI =EAW=0=E, =0
e 0 0 > -
wic, 6=| 0 &, O ﬁE.dszEnAs:.s —E =
& &
0 0 &g
Hall Effect:

Current density: J = §J, = NqV Eg. Show that Ey= Ex and

A

anz'(Dl_ Dzj:ps on the interface

If
. the between two dielectric.
TeC space
mat > >
(Proof) {E.d | = E,AW —E, AW =0 ,
eria abcda
| is E1=Ex
a
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ﬁD-d S :(Dl-a;2+ Dz-aAnleS = a;z'(Dl -

A

- -
anz . (Dl_ Dzj = pg or Dln'DZn:ps
|fpS:0, then D1,=D,, or g1E1n=62E3,

Boundary Conditions between a Dielectric {Medium 1) and
a Perfect Conductor (Medium 2) (Time-Varying Case)

On the Side of Medium 1 On the Side of Medium 2
E,=0 E,=0
anZXHl:Jx H3,=0
anZ'DE:f’\ D3n=0
B,,=0 B,, =0
Boundary Conditions between
Two Lossless Media
D €
I‘ll = E?,: =2 =1
D,, €3
B
H,=H, --""=2
Bz: 0(12
Dy.=D,, > €, E, = €,E,,
Bln — BZn =2 IulHln = ﬂszn
PrA
o Rr\R T H
Lo Eg. A positive
V4 point charge Q is
) at the center of a
|
|
0*;1:‘—}%*”? spherical

dielectric shell of
an inner radius R; and an outer radius R,. The
dielectric constant of the shell is &. Determine

—

E,V,D, and P as functions of the radial

distance R. [55]

(Sol.) E: 5— & E = 80(8r —1)E

R>R,:

= Q
B35 = p-AS;
N 47, R
__Q
' 4re,R
D=4, Q2 and P=0
47R
Ri<R<R,:
E-a, 3 _-a, 2
dre,e, R 4reR

Boundary conditions for magnetic fields:

Eg. Show that wuHi=uH,, and

a,x(Hi-Hz)=1J.
(Proof)
§§~d§=o:>

BlnAS - BZnAS = O, Bln:BZn

= urH1=pzHa,

d
V, =—[ E.dx=V,Byd
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fH-dI=1
Effective permittivity:

Hedl=H, -AW+H, -(<AW) =J_AW _ - - E - . . . .
= j: ! FH, - (CAw) = J,, VxH=J+3@=0E+jw5E=ja)(ﬁ_i)E:ja)ecE
abcda at ](0
—e —e—jloe—je">0=ws
:>H1t_H2t:‘]sw c JCO_ J o=

X - - Similarly, = u'—ju"
3an2><(H1—H2)=J

& (o2
Loss tangent: tan o, = — = —
If J:O, then Hlt:HZt 8' we
2-5 Conclusion:

2-4 Maxwell’s Equations and Plane EM Waves 1. Maxwell’s Equations (Point Form):
Differential Form Integral Form Significance V x H[] = J+oD/ot V-B =0
VxE:—if? ¢E d(’—-% Faraday's law V x E[] = —0B/ot VDl =pV

; D o .
VxH=J+ ? ¢¢ H-dt=1+ J;T “ds  Ampére's circuital law 2. Maxwell’s Equations (Word Form):
ct v ST ¢
¥-D=p ;{;D'“:Q Gauss's law e Magnetic fields circulate around
V-B=0 §B-ds=0 Nz gacionarg: currents and changing electric flux

oD densities.
Note: — is equivalent to a current density, )
ot e There are no magnetic charges

called the displacement current density. (monopoles) in the universe.

oV A ch i ic fl i
Lorentz condition: V- A+ 1z - - o A change in magnetic flux excites a

voltage around the flux perimeter.

wB:;JW%:vXVXA:;JWgQ(—W A v A)QWRt'eﬁndﬁmt—)— ‘;A

%A Variable Units
= V2A-ue =—J+V(V-A+ g—
a ot? MV # ) Technical Name
If Lorentz Condition holds, we have E Volts/m Electric
_ 6215\ R Fleld
2
\% A_Iug atz =—/J\J
H Amps/m

VD= p=V-d=p=v-e(-wV - By vry 4 O MageticRgld © Ny P
ot ot ot a’ e

P N D Coulombs/m2
( ’% ) h Electric Flux Density

il 9" R ] 2

. W 0 V 1%

B %Dulunu T

(a)
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B Webers/m2

Magnetic Flux Density

J Amps/m2

Current Density

pV Coulombs/m3
Charge Density (Volume)
Note:
Also be able to recognize the various forms
of Ampere’s Law, Faraday’s
Law,Coulomb’s Law,Gauss’s Law, the

Biot-Savart Law, the Vector Wave Equation,

and the Scalar Wave Equation.
REFERENCES:

1. Taflove A & Hagness S C
(2005). Computational
Electrodynamics: The Finite-difference
Time-domain Method. Boston
MA: Artech House. Chapters 6 & 7.

2. H Freistihler & G Warnecke
(2001Hyperbolic problems, numerics
(1996).

3. "The Origin of Spurious Solutions in
Computational
Electromagnetics". Journal of
Computational Physics 125 (1): 104.

4. J.D. Jackson. "6.11". Classical
Electrodynamics (3rd ed.).

5. Maxwell

Equations.  leeeghn.org.

Retrieved 2008-10-19.

6.

7.

Thomas B. A. Senior & John Leonidas

\Volakis (1995-03-01).Approximate
boundary conditions in
electromagnetic. . London UK:

Institution of Electrical Engineers.
p. 261 ff.

T Hagstrom (Bjorn Engquist &
Gregory A. Kriegsmann, Eds.) (1997)
Computational wave  propagation.

Berlin: Springer. p. 1 ff.

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 444


http://www.amazon.com/gp/reader/1580538320/ref=sib_dp_pop_toc?ie=UTF8&p=S008#reader-link
http://www.amazon.com/gp/reader/1580538320/ref=sib_dp_pop_toc?ie=UTF8&p=S008#reader-link
http://www.amazon.com/gp/reader/1580538320/ref=sib_dp_pop_toc?ie=UTF8&p=S008#reader-link
http://en.wikipedia.org/wiki/Artech_House

