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Microscopic Basis of Maxwell's Equations

We wish to show
Bad  f Hdve N
<P r = Vs + V9 x M+ =
& 1in ave0 f = ot
in macro
sense

we fgnore Jf since 1t presents no problem in that 1t 1s related to the

motion of free charges g_f = pgV. 11, = pfvi <1f> = <peV> = Jf whats
Teft 1s
<f> = {fdv = [; 1dv- : 1dv]
v &V Lapoms [ 14 %, ; i\a,_y
in volume sum of atoms integral taken over
having part the parts of the
of its current 2th atom outside
piercing sur- of volume A
face of aAY
call the first temv “p’ » the second <1m>
1
<{>m= i_ dv_ = N(P) i dv
P ) atag\s at{m & a atgm a
in volume

< > {s found as foﬂms:

; Consider disc at P' of height dr'
G Pfr, .
measured along r

o + There are N(P')x
Y ds dr' n go atoms in {t. The current
vo‘lume of disc

density contributed by all (1dentical)

atoms 1n d'lsc to P'+ Yo which 1s

outside of volume 1f r' < Y is

1a(P'.go) . -The cumnt due to all atoms in the disc 1s therefore given
. by=n - u, N(P') dS .,(P"" )dr‘ .




The total current from all atoms in the differential cylinder contributing
] a(-ro) current density outside the surface is

r
di(ro) =ds f ° neu, N(P') _'l_a(P'.ro)dr' [Note: P' = P'(pr')]
)

(this is the differential current through dS)

but we may expand N(P') i (P',r ) (since it is a slowly varying function)

about P N(P') 1,(P'ur) T N(P) 1,(Pury) = (r' TIALR) 1, (P r,]
negligible

thus _d('l(ro)  n- r, s N(P) 1 (P r )

Now if we integrate over all r, we are essentially integrating over the

atomic volume. Finally all current elements through S s (divided by av)

GRSy ¢ a5 @) NP) 1, (Parddvy ==y - INP)  frer )y (Purg)v,]
Hmit

AV+0

Now let us examine <1p> and <1m> to determine their physical
significance

<t > = N(P) i_dv_=
p ati{m a a

. %
Ve, =- --5% fast (atomic) frequencies averaged out

{] (v« 1.)d% = - {1 1, d®  (integration by parts)
a a
vol. vol.

We may then write
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In order to determine the significance of

“Ag® - Z‘Vg ds]'—‘-'-'—'o N(P) 1,(P,r )dv,

aVoyy

we first recall that g = ;-

\ Yo pa(?‘o’) dv, then consider

J o

1 & "’ad . 3
I RR R e AR A
%,
but using v - 1 = -t
Pe-ln pr -1, &
but xhow
(g_oro)!ol.v.{(ﬂo!o)l}-loV(!l.r'o)
direction cosines
n'aax"'say"'vaz
ronx'e*-o-y'gydl-z'_a_z
\ radfus vector
thus
Wn.rp) maz 403 +va,mn
and
lov(!'_o!o)-l.p_
$0

Te- Jrlv-tla-r)1d-1-nld,

we next integrate by parts to find



ter mﬁ'gm&w 3

'l--z-n-l-%j(ﬂ_'ro)zo(V'f)d\! -n. "' e‘ﬁfnuhﬁ’lmcu?b\
/ 1+(n-1 r]dv bytff above analysfs

I
T é%‘atgm{(ﬂ.’!:o)l - (ndr Jdv, = %[ (—'-'o"i) x n dv, 8 pxm

where u 2— [ (r x j_)dv and y = atomic magnetic dipole moment where

the vector 1dent1fy (a x b) x ¢ = (a+¢c)b - (bec)a has been used.

atgm(nr”dv -n-f%-rgxn

1 I
i e

M = [the magnetic moment/volume] = N p

Q = electric quadrupole moment/volume = N ]

thus '
1> =) ds(n x M z’9')
< ] nx -] e
mq 2V sur#aee =TETEEt
of av
g(_@_ x M)dS = 6 VxMdv = (av) v x M by Stoke's Theorem :
F\'S Tim aY+0
. and
30 |
-$dSn . zFm- (AV) --%- (v-0Q by Gauss Theorem
finally
“’m"’f*%;‘ﬂ"’ Q) +VvxM

usually neglected
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