ELECTROMAGNETIC PROPERTIESOF MATTER

DYNAMICS OF BOUND CHARGES - MODELING DIELECTRIC BEHAVIOR:
Consider the electrically induced distortion or polarization of some typical neutral and
isolated "molecular" configuration!-- viz.
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For small distortiong, the motion of the effective charge displacement -- i.e. the
displacement of the respective centers of mass of the positive and negative charges -- may
be described in terms of the equation of a driven, damped harmonic oscillator -- viz.

My Z=- Ky 2+ Qy E,(t)- dy Z [1-1]

where m,, isthe effective mass of the effective charge q,, k.S the effective restoring
force, and d .isthe effective damping constant.

If E,(t) = Re{E, (w) exp(j wt)} [1-24]

then [-w2 +Wio +jw/t damp] z(w) = [qeﬁ/meﬁ] E,(w) [I-2b]
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It might be a make-believe carbon atom or a tungsten hexafluoride molecule.
That is, when the applied field is small compared to the internal or bondingfield.
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wherew’, =k, /m,, and Yt damp = et /Mg . Thus, the frequency dependent molecular

polarizability isgiven by

(w) © induced electric dipole moment atw _ p(w)
effective applied electric fieldatw ~ E,(w)
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and atfw) = [qjﬁ/meﬁ] [w/t damp] [(-W2 +Wr2$)2 +(w/t damp)z]-l [1-4b]
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Here these expressions are written in dimensionless form -- viz.

a @)= [/ [1- wiu) (1 wiol) + )’ (W are) | [1-54

and a tfw) = [qezff / keﬁ][(w/wm) (Wrest damp)- l] [(1 W2/Wr2$)2 +(w/w,)® (Wmt damp)'zl_l [1-5b]

To complete the dynamic model, it is clear that the relative charge motion within each
polarizable "molecule’ makes a contribution g, Zt) or p(t) tothetotal current flow.3 The

aggregated current flow associated with the induced polarization of many molecules leads
to acurrent density

Foors®], =& NG 2O =AN B O [Tpw)],=iwaN g zW)=jw &N nw)
[1-6]

where p,(t) istheinduced dipole moment of the ith type of "molecule” and N, is number

of such molecules per unit volume. More generally, we may write the current density
associated with apolarization density as

— — — —

Jbound (F’ t) = EP(F’ t) 0 ‘]bound(F1W) = J w P(F’W) [|'7]

3 Inapplying our model of polarizability, we have for simplicity neglected "internal field effects' -- i.e. changesin
the applied field due dipole-dipole interactions. When included, one obtains the Clausius-M ossotti relationship -
-viz.

Na=3ce,/(c +3e,)

where C isthe macroscopic dielectric susceptibility.
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. DYNAMICS OF UNBOUND CHARGES - MODELING CONDUCTIVE BEHAVIOR:

Consider the motion induced in aswarm of charged particles by an applied electric field.
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EQUILIBRIUM MOTION INDUCED "DRIFT" MOTION

For thedrift velocity associated with some mean, effective charge carrier the following
equation of motion seems plausible:4

My V,(t) = G E,(1) - deg (1) [1-1]
If E,(t) =Re{E, (w) expj wt)} [11-24]
then [ W+ 3/t o] v,(w) = [0 /My | E,(w) [11-20]

where Yt = d /my . Thus, the frequency dependent conductivity isgiven by

coll —

induced current density at w .
(w) © : o Y 2 =5 qw) - s dw)
applied electric field at w
Ny G V) _ 6N, G -3

e
E, W) & My

= 3[1"' jwt coll]_ '
u

4 Again for simplicity, the restoring force(s) associated with "plasma effects’ is (are) not included in this
expression.
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éN 2¢ U -1
where s G(W):ému[1+(wt 00,,)2] [I11-44]
e Mg a
eN, 5t U -1
and s dw) = e lwt , J[1+ (wt o )] [11-4b]
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[1l. MAGNETIC PROPERTIES:
If there are microscopic current components such that the integral

NN\,

Jav [11-1]

over some region of atomic dimensions does not vanish -- e.g.

-
-
-~

-- these components may be represented as

J...([F1)=N" M(F, 1) [11-2]

oo

where M (F,t)° 3 @ Jdv is caled the magnetization or magnetic moment

density. Thus, the macroscopic form of Ampére's law may be expressed in the form

R B, ) = m 37, )+ my N~ |\7|(F,t)+m)%l5(ﬂ t)+rrbe0%é(?, ) [1-3d

or N H(F, t)=J(F,t) + % D(F, t) [111-3b]

where B(F, t) =m, [A(F,t) + M(F,t)] and E(F.t) = (ye,) [B(F.1) - P(F.1)]-
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CLASSES OF MAGNETIC MATERIALS:
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"SQUARE-LOOP" FERROMAGNETIC MATERIAL

DYNAMICS OF MAGNETOPLASMAS:

Consider the motion induced in aswarm of charged particles in a static magnetic field, I_5>C ,
by atime-varying applied electric field, E(t). For the drift velocity associated with
some mean, effective charge carrier the following equation of motion seems plausible:

my V() = 6 E(t) - dy V(1) + 0 V() B, [1V-1]
If E(t) = Re{E(w) exp ] wt)} [IV-24]
then [iw+ Yt ] V) +w, " V(w) = [ o/ my | EW) [1V-2b]

wherew, = [qerf / meﬁ] BC and I/t ,, = dy /My . Resolving this vector equation into a set of

component equations, we see that
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[l w+ 1/t coll] Vx(W) - W, Vy(W) :[stf /meﬁ] Ex(W) [IV-34]
[ W+ 3/t o] v (W) +w, v, )=[qeﬁ/meﬁ] E,(w) [1V-3b]
[iw+ 3/t o] v, ) = [0 /my | E(w [1V-3c]

Solving for v,(w) and v,(w)

{[JW"']/t coll] +W} [JW"']/t cou][qeﬁ/m;rf] E +Wc [qeff/meff] Ey(W)

{[JW+]/t coll] tw } [JW"']/t coll][qeff/mel‘f] E,( Wc[qeﬁ/meﬁ] E () [IV-4b]

Thus, the relationship between current density and electric field -- i.e. Ohm'slaw -- isa
linear tensor relationship -- viz.

g & w) s (w) 0 KE(w
Swi=%,.w) s,w o Zew! [1V-5]
& wgl & o 0 s_(w)eBE(w)f

and the components of the frequency dependent, tensor conductivity are given by
Sxx(W) = [Neff qgff/meff][J w+t coll] {[J w+ 1/t coll]2 +Wc2}-1 [1V-62]
2 . . 2 2 -1
W) :[Neff qeff/meff][JW+j/tcoll]{[JW+]/tc0II] +Wc} [IV'Gb]
2 . 2 2t
Sxy(W) :_Syx(W) :[Neff qeff/meff] [Wc]{[JW-'-:VtcoII] +Wc} [lV_6C]

:[Neff quf/n]eﬁ][jw-'-]/tcoll]»l [IV'Gd]
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