Evaluations

npoi:= Remove["Global +"];

In[92]:=

In[99]:=

In[103]:=

(* dignore =)

eq24[expr_] = Style[expr, FontFamily - "Kalam", 32];

tx24[expr_] = Style[expr, FontFamily -» "Kalam", 32];

line0® = {tx24["charge and current"], tx24["symbol"], tx24["equation"]};

linel = {tx24["charge density"], eq24["p"], eq24["p 6V = 6Q (inside &V)"]1};
line2 = {tx24["current density"], eqz4["3"] , eq24["3 . 8A &t = 6Q (thru &A) "]};

line3 = {tx24["cont-inu-ity equation"], " ", eq24["v-3 = - 0p /at"]};

al = Grid[{line®, linel, line2, line3}, Frame » All];

(* dignore =)

nl = tx24["Gauss"] ; FGL =eq24["v . B =4xp"|; FGLB = eq24["v B = 0"];
-
- 10E 4n
n2 = tx24["Ampere"]; FAL = eq24["VxB———=—J" ] 5
cdt c
-
> 10B
n3 = tx24["Faraday"]; FFL = eq24["VxE+—— =0 "] 5
cot
a2 = Grid[{{tx24["Maxwell's equations'"], tx24["fundamental fields"], "#"},

{nl, FGL, "(1)"}, {n2, FAL, "(2)"}, {n3, FFL, "(3)"}, {nl1l, FGLB, "(4)"}}, Frame » All];

(* dignore =)

1= 24|("v . B = 4 n.
eq eq v 7T Pfree |
eq4 = eq24["v . § - 0"];
-
- 1 oD 47
eq2 - eq24["v x H - — — = — Jfree "];
c ot
-
> 1l 8B
eq3=eq24["v x E + — — = 0"];
c ot

tt = Join[{{tx24["Maxwell Equations"], tx24["phenomelogical fields"], "#"}},
{{nl, eql, "(1)"}}, {{n2, eq2, "(2)"}}, {{n3, eq3, "(3)"}}, {{n1, eq4, "(4)"}}];

a3 = Grid[tt, Frame » All];

tc = JO'in[{{tx24["Const'itut'ive equations"], tx24["Comment"]}},

{{eq24[|'3 = € En], tx24["but it's not that simple for time-dependent f-ields!u]}}’
{{eq24["ﬁ = B /u], txaart 11},

{{eq24["3free - o Eu] , tx24[" "' n]}}];

a4 = Grid[tc, Frame -> All];
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In[111]:=

In[115):=

In[117]:=

(* dignore x)

nl = tx24["Gauss"]; FOGL =eq24["v . @ =4np"|; FOGLB:eq24["V b = 0"];
5 1068 4n
n2 = tx24["Ampere"]; FOAL = eq24["be - —_-— = —J " ] 5
cat c
-
5 1 ab
n3 = tx24["Faraday'"]; FOFL = eq24["Vxe + —— =10 "] 5
c ot
a5 = Grid[{{tx24["Maxwell's equations"], tx24["fundamental fields"], "#"}, {nl, FOGL, "(1)"},

{n2, FOAL, "(2)"}, {n3, FOFL, "(3)"}, {nl, FOGLB, "(4)"}}, Frame » All];

(» 8 1dgnore x)
defP = {

{tx24["Polar'izat'ion = 73( X , t) = electric dipole moment dens*ity"]},
tx24[Sty'Le["Bound charge density = pp = - V - P ", Red, Bold]]},

tx24[|'charge density = pProt = Ofree + Pb = Ofree = V - P "]}’

tx24["$uscept'ib'il'ity x is defined by P -

£ )

(L +4nx) 8" ]}},

X
-
e

{
{
tx24|"Displacement field = B -2+4nBr" ,
{v4] I}
{
{

tx24["Perm'itt1’V'ity e is defined by D-=ce

a7 = Grid[defP, Alignment -» Left, Frame -» All];

(* dignore %)

>
11 = Str-ing:lo-in[ "Magnetization = " , "M(Q,t)" » " = magnetic dipole moment density"| ;

12 Sty'Le[Str-ingJo-in["Bound current density = ", "3b", "o cvxMa+ 0P /at"], Red, Bold] 5

13 = "Current density = 3t°t = 3Free + 3bound \n = 3Free FCV x M+ al_;/at "
14 = "Magnetic field H=b-4xM "

15 = "Susceptibility xy 1is defined by M o= XM l_; ",

16 = "Permeability p is defined by A - 1_7) /u "

defs = {{tx24[11]}, {tx24[12]}, {tx24[13]1}, {tx24[14]}, {tx24[15]}, {tx24[16]}};
a8 = Grid[defs, Alignment -» Left, Frame -» All];
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lecture 2 — fri aug 31



PHY 842 - Lecture 2
Outline of today’s lecture

1/ The microscopic equations of classical elec-
tromagnetism

2/ The macroscopic equations; linear media
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“The Equations of Classical Electrodynamics”

I THE MICROSCOPIC EQUATIONS OF
ELECTROMAGNETISM

First, these are the fundamental equations,
appropriate for fields with only free charges
and currents in empty space; i.e., no macro-
scopic materials are present.

® Charge and current

inf2si= al

Out[125]=

charge and current |symbol eguation

charge density O | poOV =20 (inside oV)

current density 7 |7-646t=0q (thru 6;\))
continuity equation VJi=- op [0t

The continuity equation states that electric
charge is locally conserved.

(This is related to gauge invariance).
Do you know why?



2_
® Fields and Forces
F(X,0,t) =qE(%,1t)
+q (@ /c)x B(X,t)

Lorentz force in Gaussian units!



In[126

]:=

® Maxwell's equations - the microscopic

eguations

a2

Maxwell's equations

fundamental fields

Gauss V- E=4rp |
72 -
Ampere VxB-Ld_in7 |,
¢ Ot [
Faraday VxE+L10 — o |,
¢ 0t
H
Gauss V-8 =0 ”
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I THE MACROScOPIC EQUATIONS

Electromagnetism with Linear Continuous Media
(Dielectrics and Magnetic Materials)

These are the “phenomenological” equations,
for a system with

m fields { E, §, 5, H }
m materials (parameterse, u, o)

m free charge and free current (g and J free

)
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® Maxwell's equations — the macroscopic

equations
Maxwell Equations|  phenomelogical fields | .
Gauss V-2 = 47T Dvee "
Ampere VxH - '; > = "7” 7 tree |
Faraday VxE + ﬁ ?9_3 =0 o
Gauss V. =0 -
Constitutive equations Comment
= 2 ! .
D=¢€E but it's not that simple for
- time—dependent fields!
g 1
— B /lu

> >
Jfee = O E

N
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4_
Derivations: Microscopic equations —
Macroscopic equations

Start with the microscopic equations;
call the fundamental fields 5( X, t) and b( X, t)

In[129]:= a5

Maxwell's equations| fundamental fields | .

Gauss Vé=4nmp |u
— -
| Je _ 4m 7
Ampere Vxb - 252 =27 o
Faraday Vxé+ L8 =o |,
H
Gauss Vb =0 ”
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5 —_—
mm DIELECTRICS: POLARIZATION, DISPLACEMENT,

AND PERMITTIVITY

WT Section $.4
Jackson chapter 4

What is a dielectric material? (You should
know ...)

The Oxford Dictionary of Physics

dielectric --

-- A nonconductor of electric charge; an
applied electric field causes displacement of
electric charge but not flow of charge; the dis-
placement of negative charge relative to posi-

tive charge produces the polarization PG 1)



inf130:= a7t

out[130]=

Polarization = P( ¥, t)
= electric dipole moment density

Bound charge density = p, = -V - P

Charge density = Pur = Pes + P = Ptree =V - P

—

Displacement field =D =2 + 4 P

—

Susceptibility y is defined by P = y &

Permittivity € is defined by D =€ & = (1 + 47 ) &

Now the field equation (1) becomes

V’l)=477-,0total 47 (_pb) =47 Pfree -
So, instead of keeping the charge due to polar-
ization in the equations and calculations, we

introduce a new field, D.
We need a constitutive equation, D=¢€8.

Electrostatics D(x) = (1+4m y) E(X);
but D(x,t) is not < E(xt).
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6—

mm MAGNETISM: MAGNETIZATION, H-FIELD, AND
PERMEABILITY
WT Section 6.10.
What is “magnetism”?
The Oxford Dictionary of Physics

magnetism --

-- A group of phenomena associated with the
interaction between magnetic fields and mate-
rials.

MAGNETISM > {diamagnetism, paramag-
netism, ferromagnetism, antiferromag-
netism, ferrimagnetism}
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3= a8

. . >
Magnetization = M(x,t) =
magnetic dipole moment density

= — =
Bound current density =3, = ¢ V X M + OP [0t

) > > >
Current density = Jy,r = Jrree + Jbound
= Jre + ¢ V x M + OP/OF

—

Magnetic field H=b - ¢ 7 M

Susceptibility yu is defined by M = y), b

Permeability  is defined by # = b /u

Now the field equation (2) becomes

— 47T—> 131_))
VxH="""dfreet o 57

So, instead of keeping the currents due to mag-
netization and polarization in the equations,

we Introduce a new field, H.
We need another constitutive equation, H =

B/,u.



16 | LEC2.intro2.nb

Maxwell Equations

phenomelogical fields

ﬁ
Gauss VD = 47 Dsree "
— 5 —
c Ot
2 | 08 _
Faraday VxE + ; 5 = 0 )
Gauss V-8 =0 "




Friday August 31
Hand in — Homework Assignment #1.

Pick up — Homework Assignment #2.



