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What is claimed by A. Eeigel 2 )
. [Dieleciic hemogeneous media must 6hey. Lerentz —Invariance
. rhis selves Abraham-Minkewski Contreversy.

.. ITnisi predicts: a finite: mementum density fer zero-point
fibctuatiens inl Electie-Magnetic Vaitter
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L={ddr [4EGE -%B]

E—-> E+vx B D—> D+vx H
NOT B> B-vxE H— H-vxD

dt d’r — dr d°r

1, =g D, +BZ.B].]—$[E-1+B2]5ZJ

7 Arx

NOT NECESSARILY
; _—~ Moementum of what?
3
IS angular momentum?
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Feigel’s approach

E—-> E+vx B
B—> B-vx E

L=[ddr [pv'+%E D-%B-H]

= [ ded’r [ypv2+ % E*-¥%B*+E 3 B




Empty vacuum Bi-anisotropic medium in vacuum
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Classical Electrodynamics of bi-anisotropic media:

0,D=VxH V-D=0

0, B=-VxE V-B=0

: Constitutive equations
Macroscopic Maxwell

equations

Newton -Lorentz equation

pr)=Y ms@-r,) v

Microscopic Matter
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Newton-Lorentz

J

0,(pv-PxB)+V.-U=—f

1
U,=pv,v, +E P —M, B, —E(E-P—M-B)@.j

« pseudo momentum » conservation
Minkowski version of (Feigel
Energy/momentum conservation EM force density
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0.G+V -T=f 0,E+V-S=0

GziExH SziExH
A A

1 1
E:a(H-B+E-D) T =E5,.J.—§(Hi3j +H B +E D, +ED,

f=f(Minkowskb+4iat (D><B—E><H)+6l. ()

Abrahams version of energy/momentum conservation
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Problems with the Feigel paper = TNE

1. Conservation of momentum and pseudo momentum density follow from ordinary
classical electrodynamics applied to bi-anisotropic media, with actually a sloppy flaw correctec

2. The Abraham-Minkowski is not solved because it is not even addressed

3. From 84 d°r (,0 V—P><B)=O it is concluded that p v=PxB

This assumes no motion and no field at some distant time, whereas already
no sources (free charges) have been adopted. The final result is also not Galilean invariant

[ —
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1. Thetensor X changes under time reversal

2. Thetensor J changes under parity

Fresnel Dispersion law




So in Abraham’s version:

But in Minkowski’s version:
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Finite classical macroscopic medium:
elastic scattering
ho - Heo ~
ho, p= —Kk, ho, p= —wkom

CO CO

Ap(w) = ho’At J.dzlzm J‘dzl’;out Z—g(ﬁm’l}om’so) (kin_kout)

do ,~ =~

iha)zAt J.dzl;in d—Q(kout'kin’SO) (kin _kout)

PT

= ha)zAt J-dzlA(m ;’Z—g(l’;int’ﬁom’SO) (kout _kin)

=0
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Quantum electrodynamics:
Inelastic scattering from molecules in a radiation field and subject to E® and B°

=

—>p

/ a3 Excited state 2

Ground state 1

Magneto-electric QED

Parity : OK
Time-reversal: OK
Lorentz-invariance?

Value of } 2
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Quantum electrodynamics:

‘EO
——

/ a3 Excited state 2

RO

dp __ [[dic' k' N, (1), ()
4 ) : Ground state 1
+ [dk 7k @V, (0)- N, (0))B,4(k)

Einstein Doppler ho i w dp
friction =By [Nl (t)_Nz(t)- p———jp
mc; 3do

Vacuum
Thermal equilibrium

Lorentz/Galilean invariance ?
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Experimental verification of Feigel theory
phase-sensitive torque-measurements on micro-sized samples

side-view: static magnetic field example: E. Ohmichi, Yt Osada, Rev. Sci. Instr. 73, 3022 (2002)

de Haas - van Alphen oscillations of Sr,RuO,

cantilever
SrEHUDq_ T'E.UE H

torque 7
~Pp
~ voltage change

Shorn cantilever
{{=230-300 kHz)
«

momentum,

g
=
]
o
i}
i
%

Lang cantilever
{F,=35-40 kHz}

oscillation
resolution 8V ~ 87~ + 1011 Nm

AC electric field,
perpendicular to B,
applied by electrode-plates
(sample holder/stick)
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some numbers on the Feigel process...

material: diamond

£x6, =1, p~3.52 g/cm3, m ~ 10 pg

B:16T

AC electric Field: 107 V/m at cantilever eigen-frequency (reduced to 8.72 kHz due to sample mass)

following Feigel:
vacuum fluctuations

Amax = 0.1 nm

|

v~ 3.7 um/s

~ 37 - 101> kgm/s
yields

T ~1-10° Nm

exp. resolution
07 ~ +10 Nm

m

alternatives:

isotropic high intensity field
( ~ intensity)
= laser-field
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Possible experimental approach:

cantilever-magnetometry:

Fliss

piezores istive path ...__‘,,- I'LL bridge circuit
! I

sample

preamp

", transient
recorder

R

piezoresistive path / element

| = 120 - 400 um
w = 50 um
t=4-5um

f = 250 - 300 kHz

small samples possible!

force/torque applied
~ mechanical stress
~ voltage / resistance change on piezoresistive element



	
	
	
	
	

