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Intro

We study homogenization problem for the nonstationary Maxwell system
with periodic rapidly oscillating coefficients. This problem was studied by
traditional methods of homogenization theory. See

® E. Sanchez-Palencia, Nonhomogeneous media and vibration
theory, 1980.

D V. V. Zhikov, S. M. Kozlov, O. A. Oleinik, Homogenization of
differential operators, 1993.

The traditional results give weak convergence of the solutions to the
solution of the homogenized system.
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Intro

We study homogenization problem for the nonstationary Maxwell system
with periodic rapidly oscillating coefficients. This problem was studied by
traditional methods of homogenization theory. See

® E. Sanchez-Palencia, Nonhomogeneous media and vibration
theory, 1980.

D V. V. Zhikov, S. M. Kozlov, O. A. Oleinik, Homogenization of
differential operators, 1993.

The traditional results give weak convergence of the solutions to the
solution of the homogenized system.

We assume that the magnetic permeability is constant and the dielectric
permittivity is rapidly oscillating. In this case we find approximations for
the solutions in the Ly-norm.
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Statement of the problem

Let T be a lattice in R3, let Q be the cell of T.
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Statement of the problem

Let T be a lattice in R3, let Q be the cell of T.
Example: I = Z3, Q = (0,1)3.

Let £ > 0 be a (small) parameter. We use the notation ¢°(x) = ¢ (%).

&
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Statement of the problem

Let T be a lattice in R3, let Q be the cell of T.
Example: I = Z3, Q = (0,1)3.
Let £ > 0 be a (small) parameter. We use the notation ¢°(x) = ¢ (%).

&

Suppose that the dielectric permittivity is given by the rapidly oscillating
matrix 1°(x) and the magnetic permeability is equal to p.

e 7)(x) is a [-periodic symmetric (3 x 3)-matrix-valued function with real
entries,

1 < n(x) <"1, xeR3 0<d << .
e /i is a positive symmetric matrix with real entries.
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Statement of the problem

We study the Cauchy problem for the nonstationary Maxwell system:

0-E-(x,7) = (776(x))_1 curl H.(x, 7), divn®(x)E:(x,7) =0,
(1) < 0-H-(x,7) = —p tcurl E-(x,7), div uH-(x,7) = 0,
EE(X,O) - (Paf)(x)v HE(X,O) = ¢)(x)
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Statement of the problem

We study the Cauchy problem for the nonstationary Maxwell system:

0-E-(x,7) = (77€(x))_1 curl H.(x, 7), divn®(x)E:(x,7) =0,
(1) < 0-H-(x,7) = —p tcurl E-(x,7), div uH-(x,7) = 0,
EE(X,O) - (Paf)(x)v HE(X,O) = ¢)(x)

Here ¢ € L»(R3; C3) and div up(x) = 0 (in the sense of distributions).
Next, f € Lo(R3;C3) and P. is the orthogonal projection of the weighted
space Lo(R3; C3;7°) onto the subspace

{u € L(R3C3): divy®(x)u(x) = 0}.
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Statement of the problem

We study the Cauchy problem for the nonstationary Maxwell system:
0-E-(x,7) = (77€(x))_1 curl H.(x, 7), divn®(x)E:(x,7) =0,

(1) < 0-H-(x,7) = —p tcurl E-(x,7), div uH-(x,7) = 0,
E.(x,0) = (P.f)(x), H.(x,0)= o(x).

Here ¢ € L»(R3; C3) and div up(x) = 0 (in the sense of distributions).
Next, f € Lo(R3;C3) and P. is the orthogonal projection of the weighted
space Lo(R3; C3;7°) onto the subspace

{u € L(R3C3): divy®(x)u(x) = 0}.

The projection P. acts as follows (P.f)(x) = f(x) — Vw.(x), where w, is
the solution of the equation divn*Vw. = divn°f.
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Homogenized Maxwell system

The Cauchy problem for the homogenized Maxwell system:

0-Eo(x,7) = (770)_1 curl Ho(x, 1), div nOEo(x,T) =0,
(2) d-Ho(x,7) = —p~ L curl Eg(x, 7), div uHo(x,7) = 0,
Eo(x,0) = (Pof)(x), Ho(x,0) = &(x).

Here ¢, f are the same as in (1). Recall that ¢, f € L»(R3;C3) and
div ug = 0.
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Homogenized Maxwell system

The Cauchy problem for the homogenized Maxwell system:

0-Eo(x,7) = (n°) " curl Ho(x,7), div®Eo(x,7) =0,
(2) {9 Ho(x,7) = —p L curl By(x,7), div uHo(x,7) = 0,
Eo(x,0) = (Pof)(x), Ho(x,0) = &(x).
Here ¢, f are the same as in (1). Recall that ¢, f € L»(R3;C3) and

div g = 0. Next, Py is the orthogonal projection of L(R3; C3;7°) onto
the subspace

Jo = {u € LL,(R3;C3): divnu = 0}.
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Homogenized Maxwell system

The Cauchy problem for the homogenized Maxwell system:
07 Eo(x,7) = (1°) " curl Ho(x,7), divi®Eo(x,7) =0,
(2) d-Ho(x,7) = —p~ L curl Eg(x, 7), div uHo(x,7) = 0,
Eo(x,0) = (Pof)(x), Ho(x,0) = o(x).

Here ¢, f are the same as in (1). Recall that ¢, f € L»(R3;C3) and
div g = 0. Next, Py is the orthogonal projection of L(R3; C3;7°) onto
the subspace

Jo = {u € LL,(R3;C3): divnu = 0}.

The projection Py acts as follows: (Pof)(x) = f(x) — Vwo(x), where wp
is the weak solution of the equation div°Vwg = divn°Ff .
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Effective matrix

The auxiliary cell problem

Let e;, e, e3 be the standard orthonormal basis in R3. Let ®;(x) be a
I-periodic solution of the problem

div(x)(Vo;(x) + &) = 0, /chj(x) i =0,
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Effective matrix

The auxiliary cell problem

Let e;, e, e3 be the standard orthonormal basis in R3. Let ®;(x) be a
I-periodic solution of the problem

div(x)(Vo;(x) + &) = 0, /chj(x) i =0,

Effective matrix
We introduce the matrix X(x) with the columns V®;(x), j = 1,2, 3, and
the matrix 7(x) == n(x)(X(x) + 1).
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Effective matrix

The auxiliary cell problem

Let e;, e, e3 be the standard orthonormal basis in R3. Let ®;(x) be a
I-periodic solution of the problem

div(x)(Vo;(x) + &) = 0, /chj(x) i =0,

Effective matrix
We introduce the matrix X(x) with the columns V®;(x), j = 1,2, 3, and
the matrix 7(x) = n(x)(X(x) 4+ 1). The constant matrix

w:m*/mmm
Q

is called the effective matrix.
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Effective matrix

The auxiliary cell problem

Let e;, e, e3 be the standard orthonormal basis in R3. Let ®;(x) be a
I-periodic solution of the problem

div(x)(Vo;(x) + &) = 0, /chj(x) i =0,

Effective matrix
We introduce the matrix X(x) with the columns V®;(x), j = 1,2, 3, and
the matrix 7(x) = n(x)(X(x) 4+ 1). The constant matrix

=190 [ i) dx
is called the effective matrix.

It turns out that the matrix 1° is positive definite.
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Main results

Theorem 1 [M. Dorodnyi and T. Suslina, 2021]

1°. Let ¢, f € H?(R3;C3) and divu¢ = 0. Then for € R and ¢ > 0

the fields H. and B. = i H. satisfy the following sharp order estimates
IH(-,7) = Ho(+ 7). < C(1+ [7])e (@]l 2 + [[Fll12) ,
1B(-;7) — Bo(+s 7). < C(1+ |7])e (|9l 2 + [[Fll12) -

2°. Let ¢, f € H5(R3; C3) with 0 < s < 2 and div u¢ = 0. Then
IH-(,7) = Ho(:, )|, < C(s

< C(S)A+ 7122 (Ml e + 1 Fllse)
IB:(-,7) = Bo(-, 7)1, < C(s)(1

+ 17122 (||l s + (| Flls) -
3°. Let ¢, f € Lo(R3;C3) and div u¢p = 0. Then
HHé('ﬂT) - HO('77—)HL2 — 0,
as e — 0.
HBE(‘?T) - BO('vT)HLz — 0,
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Main results

It is possible to approximate all four fields under the additional assumption

that ¢ = 0.
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Main results

It is possible to approximate all four fields under the additional assumption
that ¢ = 0.

Theorem 2 [M. Dorodnyi and T. Suslina, 2021]

1°. Let ¢ =0 and f € H3(R3; C3). Then for fixed 7 € R and small ¢ the
fields E. and D. = n°E. satisfy

I(E=(,7) = E<(+,0)) — (1 + 27)(Eo(:, 7) — Eo(+, 0))l|1,
< CI7|( + |7]el| ] s,

I(D=(-, ) = De(+,0)) = (L+(7 (1°) " =1))(Do(- ) = Do(-,0))llL,
< CIr|(L + [7Del| Fll s
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Main results

Theorem 2 [M. Dorodnyi and T. Suslina, 2021]
2°. Let ¢ =0 and f € H'*S(R3; C3) with 0 < s < 2. Then

I(E=(,7) = E<(-,0)) — (1 + 27N )(Eo( ,7) = Eo(, 0))ll1
C(S)ITI(L + |71)*/ 2%/ | | pass,

H(Da('aT)_Ds('ao))_(]l_i_(ﬁ(7/) —1)N:)(Do (-, 7) = Do(+, 0))]l L,
< C(S)TI(L + 7))/ £ | s

Here I, is an auxiliary smoothing operator given by
(Nep)(x) = (2m) > [ eO(e) de,
Q/e

where @(&) is the Fourier-image of a function ¢(x), Q is the central

Brillouin zone of the dual lattice.

M.Dorodnyi Homogenization of Periodic Maxwell System 9 /27



Main results

Theorem 2 [M. Dorodnyi and T. Suslina, 2021]
3°. Let ¢ =0 and f € HY(R3; C3). Then
I(E=(+, 7)— E<(+,0)) = (L+X°N.)(Eo(", 7) — Eo (-, 0)) [, — O,
I(D=(-7) = D-(-,0)) = (L + (7 (n°) "'~ 1)N=)(Do(-,7) — Do(-,0)) | .~ 0,
ase — 0.
4°. Let ¢ =0 and f € H3(R3; C3). Then
[H(-,7) = Ho(:,7) — e "W curl Ho(-, 7)|| o < C(L+ [7])ell s,
HBE(-,T) — By(+, 7) — eWe curl Hy(, HH1 < C(L+|mDellf |l g3,

where W(x) is the (3 x 3)-matrix with the columns curl pj(x), j = 1,2, 3;
p; is the I-periodic solution of the problem

curl(u~" curl y(x) = n(E) + &) — & divp(x) =0, [ py(x)dx =
[£(x)]; is the j-th column of the matrix ¥(x) = Z(x)(1°)%; ¢ = (1°) 'e;.
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Reduction to a second order equation

The method of investigation is based on the reduction to a second
order equation. The problem for H.:

pd?H.(x,7) = — curl(n®(x))~* curl H.(x, 7),

div uH:(x,7) = 0,

H:(x,0) = ¢(x), p0rH(x,0) = (x),
where v == curl f.

M.Dorodnyi
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Reduction to a second order equation

The method of investigation is based on the reduction to a second
order equation. The problem for H.:

pd?H.(x,7) = — curl(n®(x))~* curl H.(x, 7),
div uH:(x,7) = 0,

HE(X70) = ¢(X), :U’aTHE(x7O) = ’l,b(X),
where v == curl f.

The other fields are expressed in terms of H. as follows:

B.(x,7) = uH-(x, 1),
E.(x,7) — E.(x,0) = /0 G @ 3L, )R,
D.(x,7) — D.(x,0) = /OT il e, )
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Reduction to a second order equation

It is convenient to symmetrize the problem. We substitute y!/2H, = ..
Then ¢, is the solution of the problem

FPape(x,7) = — M2 curl(sf (x)) " curl = 2ep.(x,7),
(3) div 2. (x,7) =0,
Pe(x,0) = M1/2¢(x)’ O-p:(x,0) = M71/2,¢(x)'
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Reduction to a second order equation

It is convenient to symmetrize the problem. We substitute y!/2H, = ..
Then ¢, is the solution of the problem

02pc(x,7) = —p M2 curl(nf(x)) " curl p 12
(3) div u%p(x,7) =0,

QOE(X, O) = Ml/zd)(x)’ 67"105()(7 0) = M71/2,¢(x)'

Pe(x,7),

Next, we extend system (3) in order to “remove” the divergence-free
condition. This leads us to consider the operator

Lo=pu /2 curl(n°(x)) " curl Y2 — 2% div pt/?,
acting in Lp(R3; C3). Then ¢. is the solution of the hyperbolic equation

872'905()(7 T) - _(56‘106)()(7 T)'
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Reduction to a second order equation

The operator

Lo = p Y2 curl(nf(x)) " eurl =2 — 422V div p/?

is reduced by the orthogonal decomposition of Ly(R3; C3) into the

divergence-free and the gradient subspaces (the Weyl decomposition):

LR CH=G6oJ,

where
G ={u=p"?Vu: we HL (R?), Vw e Lr(R3,C3)},
J={ue LL(R3C%): divyu?u = 0}.
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Reduction to a second order equation

The operator
Lo = p Y2 curl(nf(x)) " eurl =2 — 422V div p/?

is reduced by the orthogonal decomposition of Ly(R3; C3) into the

divergence-free and the gradient subspaces (the Weyl decomposition):
L(R%C3 =G o,
where

G ={u=p"?Vu: we HL (R?), Vw e Lr(R3,C3)},
J={ue LL(R3C%): divyu?u = 0}.
We are mainly interested in the divergence-free part £, . of the
operator L..
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Reduction to a second order equation

The solution of problem (3) is represented as:

P = cos(¢£3{§)u1/2d) + ﬁli/2 sin(T,C_llf)/fl/zzp.
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Reduction to a second order equation

The solution of problem (3) is represented as:
P = cos(¢£3{§)u1/2¢ + ﬁli/2 sin(T,C_llf)/fl/zzp.

Hence, for H. = ;~1/2¢, we have

H.(-,7) = ,u_l/2 COS(TE3/2)/1/1/2¢ + /L_1/2£Ii/2 Sin(T,Ci/j)lu,_l/2¢.

&
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Reduction to a second order equation

The solution of problem (3) is represented as:
@)z = cos(¢£3{§)u1/2¢ + ﬁli/2 sin(T,Ci/f)/fl/zzp.

Hence, for H. = ;~1/2¢, we have
HE(-7 7_) = Iu_]-/2 COS(TEi{Ez)/Ll/qu L /1/—1/2£;;/2 SIn(TEiy/j)/jl_l/2¢

Thus, we have reduced our problem to studying the behavior of the
operator functions

cos(TLi/f), Eli/z S|n(7'£1/2)
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Approximation for the operator-functions

The operator L. belongs to a general class of matrix elliptic differential

operators to which the operator-theoretic approach developed by
M. Sh. Birman and T. A. Suslina applies.

Homogenization of hyperbolic equations with these operators was studied
in the papers:

[l M. Sh. Birman, T. A. Suslina, 2008.
[1 Yu. M. Meshkova, 2017.

[ M. A. Dorodnyi, T. A. Suslina, 2018, 2020.
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Approximation for the operator-functions

The operator L. belongs to a general class of matrix elliptic differential
operators to which the operator-theoretic approach developed by
M. Sh. Birman and T. A. Suslina applies.

Homogenization of hyperbolic equations with these operators was studied
in the papers:

[l M. Sh. Birman, T. A. Suslina, 2008.
[1 Yu. M. Meshkova, 2017.
[ M. A. Dorodnyi, T. A. Suslina, 2018, 2020.

We apply results from these papers to the operator L., and then obtain
results for £ ..
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The “model” second-order operator

In Lo(R3; C3) we consider the second order operator
Lolom1 = L = p~ Y2 curln(x) " curl p= 2 — 22V div pt/2.

The Floquet-Bloch theory —>

B / ®L(k) dk.

Q
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The “model” second-order operator

In Lo(R3; C3) we consider the second order operator
Lolom1 = L = p~ Y2 curln(x) " curl p= 2 — 22V div pt/2.

The Floquet-Bloch theory —>

B / ®L(k) dk.

Q

The parameter k € Q is called the quasimomentum. The operator £(k)
acts in L»(£2; C3) and is defined by the expression

L(k) = p~ Y2 curle n(x) "L eurle p Y2 — p2V g divge pt/?
with periodic boundary conditions. Here

Ve =Vo+ikp, divgu=divu+ik-u, curlgu=-curlu+ik xu.
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The “model” second-order operator

The operator

L(k) = /fl/2 curlg 7}(x)*1 curlg /[1/2 _ M1/2vk divy /ll/z
is reduced by the Weyl decomposition

L>(Q;C3) = G(k) @ J(k),
G(k) = {u = **Vp, v € H(Q)},
J(k) = {u € Ly(Q; C3): divg pa(x) = 0}.

Here H(Q) is the periodic subspace in HX(2) and &i(x) stands for the
I-periodic extension of a function u to the whole of R3.
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The “model” second-order operator

The operator
L(k) = =2 curle n(x) "L curle p 72 — 12V divge pt/?
is reduced by the Weyl decomposition
L(Q; C?) = G(k) @ J(k),

G(k) = {u = Vo, o € H\(Q)},

J(k) = {u € Ly(Q; C3): divg pa(x) = 0}.
Here H(Q) is the periodic subspace in HX(2) and &i(x) stands for the
I-periodic extension of a function u to the whole of R3.

It is important that £, ~ [5 ®L,(k) dk, where L;(k) is the part of the
operator L(k) in the subspace J(k).
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The “model” operator: analytic perturbation theory

We put
k=1t0, t=lk|, 0¢cS>

and study the operator family £(k) =: L(t; @) by means of the analytic
perturbation theory with respect to t.
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The “model” operator: analytic perturbation theory

We put
k=1t0, t=lk|, 0¢cS>

and study the operator family £(k) =: L(t; @) by means of the analytic
perturbation theory with respect to t. The kernel of £(0) is given by

Ker £(0) =N = {u € L,(Q;C3): u=ceC3.
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The “model” operator: analytic perturbation theory

We put
k=1t0, t=lk|, 0¢cS>

and study the operator family £(k) =: L(t; @) by means of the analytic
perturbation theory with respect to t. The kernel of £(0) is given by

Ker £(0) =N = {u € L,(Q;C3): u=ceC3.

So, the point A\g = 0 is an isolated eigenvalue of multiplicity 3 for £(0).

A =0 (mult. = 3)

AV 4 N N/ N/
N XK Spec E(O)
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The “model” operator: analytic perturbation theory

We put
k=1t0, t=lk|, 0¢cS>

and study the operator family £(k) =: L(t; @) by means of the analytic
perturbation theory with respect to t. The kernel of £(0) is given by

Ker £(0) =N = {u € L,(Q;C3): u=ceC3.

So, the point A\g = 0 is an isolated eigenvalue of multiplicity 3 for £(0).
Then for |k| < 0

A =0 (mult. = 3)

— - -—— - spec £(0)
Or 10 0r s spec £ (k)
A(k), 1=1,2,3
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The “model” operator: analytic perturbation theory

There exist real-analytic branches of eigenvalues and eigenvectors:
L(t;0)p/(t;:0) = A((t:0)p(t:0),  1=1,2,3,

and the set {¢(t,0)}=123 forms an orthonormal basis in the eigenspace
of L(t, @) corresponding to [0, d].
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The “model” operator: analytic perturbation theory

There exist real-analytic branches of eigenvalues and eigenvectors:
L(t;0)p/(t;:0) = A((t:0)p(t:0),  1=1,2,3,

and the set {¢(t,0)}=123 forms an orthonormal basis in the eigenspace

of L(t,8) corresponding to [0,4]. Then we have the following power series
expansions

1(0)t +54(0)t> + ..., 7(8) = ¢ >0,
pi(t;0) = wi(0) + ty(0) + ..., =128
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The “model” operator: analytic perturbation theory

There exist real-analytic branches of eigenvalues and eigenvectors:
L(t;0)p/(t;:0) = A((t:0)p(t:0),  1=1,2,3,

and the set {¢(t,0)}=123 forms an orthonormal basis in the eigenspace
of L(t,8) corresponding to [0,4]. Then we have the following power series
expansions

>
=
ot
D
N—r

I

1(0)t +54(0)t> + ..., 7(8) = ¢ >0,
w(0) + t(0) + ..., =128

€
=
ot
(e
N—
I

The set {w;(@)}]_; forms an orthonormal basis in 1.
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Spectral germ

M(t:0) = 71(0)t% + (0)° + ..., 71(6) = ¢ >0,
pi(t;0) = wi(0) + typ(0) + ..., =128

The spectral germ 5(6): 9t —
5(0)wi(0) = v(0)wi(0), [=1,2,3.
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Spectral germ

M(t:0) = 71(0)t% + (0)° + ..., 71(6) = ¢ >0,
pi(t;0) = wi(0) + typ(0) + ..., =128

The spectral germ 5(6): 9t —
S(0)wi(0) =v(0)wi(0), [=1,2,3.

We have
5(0) — M71/2r(9)t(n0)71r(e)lulfl/2 —i—u1/299t,u1/2,
where
0 -0z 0,
r(@)=16s 0 -6
—0y 01 0
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Spectral germ

The spectral germ
5(8) = p2r(0) (n°) "t r(O)u 2 + it/ 200" 12
is reduced by the “Weyl decomposition”
N =Gy & Jg,
Gy = {au'’?0: a € C}, dim Gy =1,
9 ={p?c: pc L 6}, dimJg=2.
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Spectral germ

The spectral germ

S(0) = u2r(0) (n°) M r(B)u T + /206 /2
is reduced by the “Weyl decomposition”
N=GJD Jg,
Gy = {au'’?0: a € C}, dim Gy =1,
9 ={p?c: pc L 6}, dimJg=2.
The germ has unique eigenvalue in the subspace G3:

73(6) = (18, 0).
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Spectral germ

The spectral germ
5(8) = p2r(0) (n°) "t r(O)u 2 + it/ 200" 12
is reduced by the “Weyl decomposition”
N =Gy & Jg,

Gy = {au'’?0: a € C}, dim Gy =1,

9 ={p?c: pc L 6}, dimJg=2.
The germ has unique eigenvalue in the subspace G3:

73(0) = (16, 0).

In the subspace JJ the germ has two eigenvalues 1(8) and 72(8)
corresponding to the algebraic problem

(4) r(0)t(n°)r(8)c = yuec, pc L 6.
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Analytic perturbation theory

M(t:0) = 7(0)t% + 5(0)8> + ...,

| =1,2,8,
w,(0) ol tl,[)/(a) + ...,

)
=
5
S
SN—r
I

e We can always choose {¢(t,0)}3_; so that
p3(t;0) € G(t0); ¢i1(t;0),pa(t;0) € J(t0);
and w3(0) € GY; w1(0),wo(0) € JY.
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Analytic perturbation theory

M(t:0) = 7(0)t% + 5(0)8> + ...,

| =1,2,8,
w,(0) ol tl,[)/(a) + ...,

)
=
5
S
SN—r
I

e We can always choose {¢(t,0)}3_; so that
p3(t;0) € G(t0); ¢i1(t;0),pa(t;0) € J(t0);

and w3(0) € GY; w1(0),wo(0) € JY.
e We always have s3(0) = 0.
o If 71(0) # 72(0), then 51(0) = 322(0) = 0.
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Analytic perturbation theory

M(t:0) = 7(0)t% + 5(0)8> + ...,

1=1,2,3.
pi(t;0) = wi(0) + tyy(0) + ...,

We can always choose {¢(t,8)}3_; so that
p3(t;0) € G(t0); ¢i1(t;0),pa(t;0) € J(t0);
and w3(0) € GY; w1(0),wo(0) € JY.
We always have s3(0) = 0.
If v1(6) # 12(80), then 31(0) = 522(0) = 0.
If v1(60) = 12(60) for some By, then

(1o, B) /2
(detp)t/2

Here the function F(6) is homogeneous of degree 1; it can be calculated

212(600) = £F(60)

in terms of solutions of auxiliary problems.

M.Dorodnyi Homogenization of Periodic Maxwell System 22 /27



Improvement of the results for Maxwell system

M(t;0) = v(0)t? + 2 (0)t3 + ..., 1=1,2,3.

Theorem 3 [M. Dorodnyi and T. Suslina, 2021]

Suppose that v1(8) # 72(0) for any 6 € S? or 71(8) = 72(0) and
%172(0) =0.

If ¢, F € H3/2(R3; C3) and div pup = 0, then for e > 0 and 7 € R we
have

[H-(.7) = Ho(-, )]l , < €L+ 17D (1Dl s + I Fllgerz)
1B=(-,7) = Bo(-, )|l , < C(L+ 7)) (Il sz + | Fllgor2) -
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Improvement of the results for Maxwell system

Theorem 4 [M. Dorodnyi and T. Suslina, 2021]

Suppose that v1(0) # 72(0) for any 8 € S? or 71(0) = 72(6) and
%1’2(0) =0.

If ¢ =0 and f € H>/?(R3;C3), then for ¢ > 0 and 7 € R we have

|He(-, 7) = Ho(-, 7) — e W8 curl Ho (-, 7) || o < C(L + 7)Y 2| f]] 512,
|B-(-,7) — Bo(:,7) — eW curl Ho(-, 7)1 < (1+\T|)1/2e||fHHs/z,
|(E(-,7) = E<(:,0)) — (1 + Z°)(Eo(- 7) — Eo(-,0))||,

< Clrl(1+ \T|)1/2e||fHH5/z,
[(D-(-, 7) = D-(-,0)) = (1+(F (n°) = 1))(Do(-, ) — Do(-,0))]|,,

< Clrl(L+ 7)Y %l Fll s/

M.Dorodnyi Homogenization of Periodic Maxwell System 24 /27



References

[ M. Sh. Birman, T. A. Suslina, Operator error estimates in the
homogenization problem for nonstationary periodic equations,
St. Petersburg Math. J., 20:6 (2009), 873-928.

[d Yu. M. Meshkova, On operator error estimates for homogenization of
hyperbolic systems with periodic coefficients, J. Spectr. Theory,
11:2 (2021), 587-660.

[4 M. A. Dorodnyi, T. A. Suslina, Spectral approach to homogenization
of hyperbolic equations with periodic coefficients, J. Differential
Equations, 264:12 (2018), 7463-7522.

[d M. A. Dorodnyi, T. A. Suslina, Homogenization of the hyperbolic
equations with periodic coefficients in RY: sharpness of the results,
St. Petersburg Math. J., 32:4 (2021), 605-703.

M.Dorodnyi Homogenization of Periodic Maxwell System 25 /27



References

[d M. A. Dorodnyi, T. A. Suslina, Homogenization of a nonstationary
model equation of electrodynamics, Math. Notes, 102:5 (2017),
645-663.

[ M. A. Dorodnyi, T. A. Suslina, Homogenization of nonstationary
periodic Maxwell system in the case of constant permeability,

J. Differential Equations, 307 (2022), 348-388.

M.Dorodnyi Homogenization of Periodic Maxwell System 26 / 27



Thank you for your attention!
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