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Supplemental Handout #3

Comments on the Auxilliary Field Relations

D(r)=¢&,E(F)+P(T), H(F):LE(F)—M(F) and Deceptive Parallels

For electrostatics / magnetostatics problem, one must always keep in mind that in order to fully
specify any vector field F (F) , both the divergence and the curl of the vector field must be

known (or specified):

—

ie. VoF(7)= and  VxF(F)=
For Electrostatics: For Magnetostatics:
B(F)=&,E(F)+B(F) H(F)=—2B(r)-M(F)
Hy
V.B(F) = &,V-E(F)+V-B(F) VxH (F)= 29 xB(r)-V-M(F)
=Pfree(r) =pProt (f) =Poound (?) =jfree(f) %TT =jbound (F)
i'e' pTot(F):pfree(F)+pBound (F) Ie jTot(f:):jfree('_;)-i_‘jBound (F)
o1 - Lo o
V'E(r):g—/?m(r) VeB(F) = 707 (F)
6'ls(r) _pbound (r) 6'I\A/I(r?) = jbound (F)
?-f)(r)—pfree(r) ?-I—T(F):jfree(r)
VxB(F)=g, VxE(F)+¥xB(F) VoH (F) =2 V+B(F) - V+M (F)
% Ho—g—

Always in electrostatics Always
VxD(r)=VxP(T) = VeH(F)=-V-M(T)

but VxE(F)=0 but V.B(F) (always)

(in electrostatics)
D () cannot be “just like” E () - H(F) cannot be “just like” B(T)
since: since:
VxE(F)=0 because VxB(T)= ptodror (T)
E r) is a conservative field, i.e. = E(f) is not a conservative field
E(F)=-VV(F);and VxVV (F)=0 (always)
Vx D () 0necessarily (often not!) because VxP(F) = 0(in general).

O
—_
=l

) is not (in general) a conservative field!'! = 3 no Coulomb’s Law for [3(?) i
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The differential forms of these relations can be very misleading and confusing / deceptive!!!

In particular:
VeD(F) = Py () does NOT mean

e D () depends ONLY on py., (7)!!!
(D(T) also depends on P(¥

) - see below *)
Likewise:
VxH(F)=J . (F) does NOT mean H (

(7 ') depends ONLY on J ., (F)!!
(H () also depends on M (

)

d
) - see below *)

Using the { 5% } of {5 -, 3, we implicitly assume the existence of space derivatives.

curls

However, at the interface between { ®*" 3 media, such space derivatives often do not exist!!!

magnetic

Whenever we have to deal with the interface between two { %" } media, we must use the

magnetic

integral forms of these relations, which are more general:

Electrostatics: Magnetostatics:
& [ V-E(7")dz' =5,_E(F')dd = QL] —j VxB(F :—95 I
. 1 . - A
%: I:EZL - Elj_]interface = 8_0TOT |interface %: ﬂ_[Blz - BlHjH interface KTOT x n|interface
0
[ veB(F)dr'=¢ D(F)-da’ = Qe [ VxH()da=¢_H(r)d?' =17
%: I:Dzl - DlL ]interface = Gfree |interface % |:H|2| - l:| interface lZfree x r:i|in'[erface
[ VeB(i")dz'= ¢ B(F")-da’' = Qe VXM (F')edd = M(F)ed ' = 1530,
M: I:Pé _PlL:Hinterface = ~Opound |interface % I:M! - M1||:|| interface — Rbound X I;]\| interface
[LVXE(F)da' = E(F)-d i =0 _VeB(F)dr'= ¢ B(F")-da

M: Eg = Eg |interface ([Eg _E!:Hinterface = 0) M B; = Bll|interface (I:BZl - BleHinterface = O)

[ VxD(F)da'=_D(F)d? [ VeH(F)de =4 H (7)-da

VxB(F).da’=¢_P(F)d/’ =—| V:M
*_GiVGS: I:D! D“} interface — ':P” P”:Hlnterface * GiVGS:I:H

1 _ 1 L
- Hl ]|inteﬁace __I:MZ - Ml ]|interface

E P D
B, M, H
lectures / lecture notes. We simply collected/summarized them here —all in one place.

We have derived / discussed these sets of boundary conditions on { } before in previous
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For magnetic media, note that we also have the relations (previously derived in P435 Lecture
Notes 20, page 8):

bound _ M ﬁ | __ | Effective bound surface density of magnetic pole strength
- interface —

O-m Effective bound surface density of magnetic charge

and:

bound ( ) — _§ 1\‘/’[ ( ) __ | Effective bound volume density of magnetic pole strength
- | Effective bound volume density of magnetic charge

The Sl units of magnetic charge (gm = "qv") = Ampere-meters (= Coulombs*meters/sec)

But: || VeH (")dz'==| VeM(F")dz' =+ pi*™ (F')dz = Qi | (S.1. Units Amps/m?)
So: jvioﬁ(r')dr'zqg“'?? Huh???

That's right! If VeM(F)=0, V+M(F)=-p,(F) and .[VV-M(F)dr':—QG“C'
(

JVeH(F)d7'=—| VeM(F)d7'= +jv,p;;°““d r)ds’ =Q5
Furthermore:
[ VeH(F)de' =¢ H (7)-da =, H (F")-fida’
= [, VeM(F)d7’ = M(F')-da’ = § M (F")-fida’

m

M
J(7)eRda’ VAN CY bound 7 I
Cﬁer (F")-Ada =—<ﬁS,M(r )eAida =—<_|SS,0 ound g” = —Q°"°
This means that an interface between two magnetic media:

.-\_p\}',

q;\uss s mm um
W {‘}A USSRt
E
Iﬁﬂ_"‘(}.m T\—-IMTE'RFACE
MEU“

** Shrink height of Gaussian Pillbox to infinitesimally above and below interface.

Then, only the top and bottom surfaces of the Gaussian Pillbox contribute to the surface integral:

interface — m | interface

Gives: [Hzoﬁz + H}ﬁJ|
But: A =-f,, L tointerface.

~[M,eh, + M, i, | =0,

1 1 _ 1L 1L _
[HZ - Hl ]|inteﬁace - _I:MZ _Ml ]|interface =—0q |interface m

T—Equivalent surface magnetic charge density!
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