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Comment on ‘‘Quantum Vacuum Contribution to the
Momentum of Dielectric Media‘‘

In Ref. [1] Feigel obtains a material contribution to the
momentum density of a homogeneous dielectric medium
that is claimed to solve the longstanding Abraham-
Minkowski (AM) controversy on the momentum of light.
This approach even reveals a nonzero matter momentum
induced by vacuum fluctuations in homogeneous magneto-
electric (ME) media.

The intention of this Comment is first to argue that the
Lagrangian approach to moving macroscopic media in [1],
although original, gives no new clue on the interpretation
of the macroscopic Maxwell equations [2], and for which a
Lagrangian method including matter has been proposed
[3]. Secondly we contest the conclusion of [1] that vacuum
fluctuations induce nonzero momentum in ME matter.

We adopt the macroscopic Maxwell equations (c0 � 1)
without free charges and currents, supplied by the ME
(dispersion-free) relations (15). The approach by Jackson
[4] is valid here and gives the conservation law,

@tG � r � T� fM; (1)

with G � �4���1D� B and fM � � 1
8�EiEjr"ij �

1
8�HiHjr�ij �

1
4�EiHjrij the M-force density. The

(asymmetric) M-stress tensor is Tij � �4���1 �

�HiBj 	 EiDj �
1
2 �E � D	B �H��ij
. Newton’s second

law in the presence of the Lorentz force density �qE	

Jq �B, with �q � �r � P and Jq � @tP	r�M, gives

@t���mv	 P�B� � r � ��mvv	 U� � fM; (2)

with Uij � EiPj � BiMj �
1
2 ��E � P� B �M��ij
. In ho-

mogeneous media fM � 0, and Eq. (2) is equivalent to the
conservation of ‘‘pseudomomentum’’ @L=@v, found in
(13) of [1] and Eq. (45) of [3]. Both equations combine
to @t��mv	 �4���1E� B
 � r � �T0 � �mvv
, with T0

the symmetric vacuum Maxwell stress tensor. This result,
confirmed by more microscopic approaches [3,4], com-
pares to the prediction (11) of Noether’s theorem derived
in [1] (where, however, �4���1E�H seems to appear),
and could invite us to identify �4���1E� B and �mv as
the momentum densities of radiation field and matter [3].
Neither this radiation momentum nor G obey Planck’s
principle of inertia. The conclusive argument to prefer
the M (Minkowski) set (G;T; fM) over, e.g., the A
(Abraham) set [2] remains unrevealed, here and in [1].
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In homogeneous media is pseudomomentumR
dr���mv	 P� B� conserved in time. For homogene-

ous fields the pseudomomentum density itself is conserved.
Reference [1] concludes from this in Eqs. (14, 20) that
�mv � P�B, a relation allowed by parity and time re-
versal but Lorentz-variant, even when v � 1 and appar-
ently appealing to no motion and no field in some distant
past. But sources would violate the conservation laws [2]
as well as the homogeneity assumption. If one assumes,
like in [1], a stationary homogeneous vacuum field, then
@th0jP� Bj0i � 0, so @t�mv � 0. No special reason ex-
ists for the matter to achieve a momentum density �mv �
h0jP� Bj0i. For a ME medium this is nonzero but con-
stant, so no contradiction exists when the matter is and
stays at rest.

This conclusion follows from scattering theory in a
different way. Consider a finite medium, obeying
Eq. (15) of Ref. [1]. Photons scatter with cross-section
d��kin;kout;Eext;Bext�=d with jkinj � jkoutj � ! for
if the medium is at rest no Doppler effect occurs. The
external vacuum radiation momentum density at frequency
! is stationary and isotropic: E� B� k!�1E�k�2 �
�h!2kdk̂ind! . Their momentum transfer in time �t is

�p� �h!2d!�t
Z

dk̂in

Z
dk̂out

d��kin;kout�

d
�kin �kout�:

Simultaneous PT symmetry guarantees that
d��kin;kout;Eext;Bext�=d�d��kout;kin;�Eext;�Bext�=
d. Since the ME effect is bilinear in Eext and Bext, we
have �p � 0 and the object thus stays at rest.
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