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The energy of the magnetic field has been overestimated in our original paper but the paper did not say that
domains could shrink drastically due to the substrate. The maximal shrinkage of domains is by 18.35%, which
is sufficiently large to be easily observed in experiment.
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We thank Sonin1 for noticing that the model of Ref. 2
overestimates the energy of the magnetic field. Referenc
however, did not contain the statement, attributed to it by
Comment, namely, that the ferromagnetic domains in a
romagnetic film ‘‘drastically’’ shrink when the film is place
on a superconducting substrate.

The paper said only that in the presence of the superc
ducting substrate ‘‘the balance of the magnetic ene
changes drastically’’ and that this causes domains to ‘‘shr
by an appreciable factor.’’

Sonin solves the problem in the limit oflL→0, wherelL
is London penetration depth. The exact free energyF for any
lL , which corrects the formula of Ref. 2, is given by
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FIG. 1. Shrinkage of small domains in a ferromagnetic film o
superconducting substrate in terms of reduced variables; see te
explanation.
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Here l̄ 5 l /4plL and l̄ N5 l N/4plL are the reduced widths o
domains on a superconducting and normal substrate, res
tively, and M0 is the saturation magnetization of the ferr
magnetic film.

In the limit of lL→0, that is, for largel̄ N , the last term in
Eq. ~1! tends to a constant and the minimization of the fr
energy yieldsl̄ 5(2/3)1/2l̄ N , in accordance with Sonin.1

For arbitrary l̄ N , the dependence ofl̄ on l̄ N should be
obtained by the minimization of the total free energy, Eq.~1!.
This dependence is provided by a solid line in Figs. 1 and
The thin dashed line,l̄ 5 l̄ N , corresponds to the normal sub
strate. The thick dashed line,l̄ 5(2/3)1/2l̄ N , gives the maxi-
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FIG. 2. Shrinkage of large domains in a ferromagnetic film o

superconducting substrate in terms of reduced variables; see te
explanation.
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mal possible shrinkage of domains. The effect of the sup
conductor becomes noticeable atl̄ N*0.1 ~see Fig. 1!. At
l̄ N.1 the limiting formula l̄ 5(2/3)1/2l̄ N provides a rather
good approximation~see Fig. 2!. The maximal shrinkage o
13650
r-the domains is by 18.35%, that is, sufficiently large to
easily observed in experiment.
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