
Zhao et al. Reply: We argue that chiral metamaterials can
reduce substantially (by 90%) the attractive Casimir force.
If the chirality is strong enough, one obtains a repulsive
Casimir force, which might violate the passivity of the
passive material in agreement with the previous Comment.

In our recent Letter [1], we have calculated the Casimir
force by including chirality terms for the first time.We have
shown that chirality, if strong enough, will give repulsive
Casimir force. In our original Letter [1] we took explicit
caution regarding the physicality of the parameters that give
repulsive Casimir force. In our theoretical calculations [1]
we push the strength of the chirality, ��, to above the
critical value, �c

�, to obtain repulsive force.
For the particular parameter in Ref. [1], the strong

chirality violates the passivity of the passive materials in
agreement with the first point of the previous Comment [2].

We used the following formulas for the chiral metama-
terials

�ð!Þ ¼ 1���!
2
R

D
; �ð!Þ ¼ 1þ�� ���!

2

D
;

�ð!Þ ¼ ��!R!

D
;

where D ¼ !2 �!2
R þ i�!. Chiral models, based on

simple loops [3,4] and in our recent publications [5,6]
produce a relation between ��, ��, and ��, which is

�2
� � ����: (1)

This relation limits the possibility of obtaining strong
chirality ��, equivalent to �> 0 in Ref. [2], where

� ¼ 1

c2
½Imð�ÞImð�Þ � ðImð�ÞÞ2�: (2)

In the parameters used in Ref. [1],� remains positive if��

is less than 0:032!R, while our relation, �2
� � ���� ¼

ð!RÞð0:001!RÞ ¼ 0:001!2
R, gives the same condition

�� � 0:032!R. To satisfy conditions (1) and (2) beyond
that limit, one needs to increase�� and��, therefore, the
chirality will increase. Thus, even if the chirality is limited
by conditions (1) and (2) imposed by the passivity of the
metamaterial, �� can still be large and reduce the attrac-
tive Casimir force. In Fig. 1, we plot the reduction of
attractive Casimir force when the chirality increases and
satisfies conditions (1) and (2). Therefore, it does not
violate the passivity of the material. As seen in Fig. 1,
one can reduce the attractive Casimir force by up to 90%.
Another challenge for obtaining experimentally a repulsive
Casimir force is to find new chiral designs that do not

satisfy condition (1). Another option is to use gain mate-
rials to produce a strong chirality and break the condition
(1) without violating the passivity of the materials.
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FIG. 1 (color online). Reduction of the attractive Casimir force
for two different strengths of chirality. The reduction is 20% for
�� ¼ 0:5 and 90% for �� ¼ 1. Here, �� ¼ �� ¼ 1 and � ¼
0:05!R.
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