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2E(x) = 0

<latexit sha1_base64="YtDdWV07gqQh9Lv1yetTjPFBuUM="></latexit>

continuity of E, @nE at each interface
<latexit sha1_base64="lzp0uBG+CmR3V8nwVGnReLsgSvA="></latexit>



Multilayer structure

High order homogenization

[E] = 0,


@E

@x1

�
= ak2E

<latexit sha1_base64="wjpXDE3V9Ksra09RLYvO6aIk7NY="></latexit>

[E] = 0,


@E

@x1

�
= 0

<latexit sha1_base64="8viSP72pEWHVd/5+JATKgbk8Lb4="></latexit>

[E] = 0,


@E

@x1

�
= ak2E

<latexit sha1_base64="wjpXDE3V9Ksra09RLYvO6aIk7NY="></latexit>

"in

"out

"a "b

da db

✓
0

x1<latexit sha1_base64="KhbmmhI6OsdCOLkQd4KyCCPfjko="></latexit>

x2<latexit sha1_base64="rajfbQ8o3tfoXcAt8zvCGKjLdVk="></latexit>

"in

"out

✓
0

x1<latexit sha1_base64="KhbmmhI6OsdCOLkQd4KyCCPfjko="></latexit>

x2<latexit sha1_base64="rajfbQ8o3tfoXcAt8zvCGKjLdVk="></latexit>

2-1
<latexit sha1_base64="MByeOh4VoRc8aWEOMYk00mDeCX8="></latexit>

1-1
<latexit sha1_base64="Vxvg8oPEMCe3W2VmnPObhfJgVkQ="></latexit>

hom. 0-0
<latexit sha1_base64="502GXEz3iflZnkDLKtouLZDqlc4="></latexit>

�E + "k(k)k
2E = 0

<latexit sha1_base64="i51QX9VdU+TOa7SbvVB/fCK2ELA="></latexit>

�E + h"ik2E = 0
<latexit sha1_base64="QZW7mfhPEvY7j/Q9yrJKGX9xW5c="></latexit>

�E + h"ik2E = 0
<latexit sha1_base64="QZW7mfhPEvY7j/Q9yrJKGX9xW5c="></latexit>

�E(x) + "(x1)k
2E(x) = 0

<latexit sha1_base64="YtDdWV07gqQh9Lv1yetTjPFBuUM="></latexit>

continuity of E, @nE at each interface
<latexit sha1_base64="lzp0uBG+CmR3V8nwVGnReLsgSvA="></latexit>

hybrid problem (hom 2-1)
<latexit sha1_base64="uRB75SSWe+KxwYLn7mCF7SPZTxY="></latexit>

first non trivial correction to the leading order model
<latexit sha1_base64="UXnnyVabeTCDes6aU2BKinqjqzk="></latexit>

in the bulk and at the boundaries
<latexit sha1_base64="ic1F/TuRNW2rcTfzMLIISvN7uVY="></latexit>
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L = Nd

[E] = 0,


@E

@x1

�
= ak2E

<latexit sha1_base64="wjpXDE3V9Ksra09RLYvO6aIk7NY="></latexit>

�E + "k(k)k
2E = 0

<latexit sha1_base64="i51QX9VdU+TOa7SbvVB/fCK2ELA="></latexit>

"in

"out

"a "b

da db

✓
0

x1<latexit sha1_base64="KhbmmhI6OsdCOLkQd4KyCCPfjko="></latexit>

x2<latexit sha1_base64="rajfbQ8o3tfoXcAt8zvCGKjLdVk="></latexit>

"in

"out

✓
0

x1<latexit sha1_base64="KhbmmhI6OsdCOLkQd4KyCCPfjko="></latexit>

x2<latexit sha1_base64="rajfbQ8o3tfoXcAt8zvCGKjLdVk="></latexit>
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60

N = L/d0 500

✓(
� )

59

60

L = Nd

"in

"out

"a "b

da db

✓
0

x1<latexit sha1_base64="KhbmmhI6OsdCOLkQd4KyCCPfjko="></latexit>

x2<latexit sha1_base64="rajfbQ8o3tfoXcAt8zvCGKjLdVk="></latexit>

"in

"out

✓
0

x1<latexit sha1_base64="KhbmmhI6OsdCOLkQd4KyCCPfjko="></latexit>

x2<latexit sha1_base64="rajfbQ8o3tfoXcAt8zvCGKjLdVk="></latexit>

[E] = 0,


@E

@x1

�
= ak2E

<latexit sha1_base64="wjpXDE3V9Ksra09RLYvO6aIk7NY="></latexit>

�E + "k(k)k
2E = 0

<latexit sha1_base64="i51QX9VdU+TOa7SbvVB/fCK2ELA="></latexit>
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✓(
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59
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(a) regular order

(b) reversed order

0
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100
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✓(
� )

59

60

N = L/d0 500

✓(
� )

59

60

error

"in

"out

"a "b

da db

✓
0

x1<latexit sha1_base64="KhbmmhI6OsdCOLkQd4KyCCPfjko="></latexit>

x2<latexit sha1_base64="rajfbQ8o3tfoXcAt8zvCGKjLdVk="></latexit>

"in

"out

✓
0

x1<latexit sha1_base64="KhbmmhI6OsdCOLkQd4KyCCPfjko="></latexit>

x2<latexit sha1_base64="rajfbQ8o3tfoXcAt8zvCGKjLdVk="></latexit>

[E] = 0,


@E

@x1

�
= ak2E

<latexit sha1_base64="wjpXDE3V9Ksra09RLYvO6aIk7NY="></latexit>

�E + "k(k)k
2E = 0

<latexit sha1_base64="i51QX9VdU+TOa7SbvVB/fCK2ELA="></latexit>

High order homogenization
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✓(
� )

59

60
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✓(
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✓(
� )

59
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59

60

N = L/d0 500

✓(
� )

59

60

hom. 0-0
<latexit sha1_base64="WqtZIsudmjGaanEb0GepJ1Vt5Rc="></latexit>

hom. 1-2
<latexit sha1_base64="zuQ1NAFTRTqjobvnqGTxiQvwWqU="></latexit>

"in

"out

"a "b

da db

✓
0

x1<latexit sha1_base64="KhbmmhI6OsdCOLkQd4KyCCPfjko="></latexit>

x2<latexit sha1_base64="rajfbQ8o3tfoXcAt8zvCGKjLdVk="></latexit>

"in

"out

✓
0

x1<latexit sha1_base64="KhbmmhI6OsdCOLkQd4KyCCPfjko="></latexit>

x2<latexit sha1_base64="rajfbQ8o3tfoXcAt8zvCGKjLdVk="></latexit>

[E] = 0,


@E

@x1

�
= ak2E

<latexit sha1_base64="wjpXDE3V9Ksra09RLYvO6aIk7NY="></latexit>

�E + "k(k)k
2E = 0

<latexit sha1_base64="i51QX9VdU+TOa7SbvVB/fCK2ELA="></latexit>



)
<latexit sha1_base64="6vcN8ja35KjbxRsS13nv28vOfso="></latexit>

✓
<latexit sha1_base64="gppr4r7yFoX++lTxt2863Chl0Y8="></latexit> X1

<latexit sha1_base64="kFFoDddVdYXlozfAuC59lY91VpQ="></latexit>

X2
<latexit sha1_base64="BiYsbXKCHNa+zDhD3a0t+Vrf6Hg="></latexit>

E(X1, 0)
<latexit sha1_base64="fXRclgwlt7WMQr94EF55R+Cie1Q="></latexit>

Multilayer structure

High order homogenization

direct numerics
<latexit sha1_base64="qxp2lIIod1muiDOC7PVATHua5KI="></latexit>

�E + h"ik2E = 0
<latexit sha1_base64="ZVRkfjyBDU1U5voCn+voYL6hGls="></latexit>

[E] = 0,


@E

@x1

�
= 0

<latexit sha1_base64="unlj5p8rESgi8vSY2fyOzuPqeKQ="></latexit>

hom. 0-0
<latexit sha1_base64="W34PZ9h5ZwJ9rKx0c/cN0QWpq2M="></latexit>

[E] = 0,


@E

@x1

�
= ak2E

<latexit sha1_base64="3tG6ylF/2doZDrSn3gySKG2+KRo="></latexit>

hom. 1-1
<latexit sha1_base64="fmhElJZMCPS2HtrARxbCDcQiU6g="></latexit>

�E + "k(k)k
2E = 0

<latexit sha1_base64="YHk2TzfegoFbkDQaISpX6sXc6wg="></latexit>

hom. 2-1
<latexit sha1_base64="eP+T4IKy9js8koavekI1n5hj38s="></latexit>

[E] = 0,


@E

@x1

�
= ak2E

<latexit sha1_base64="3tG6ylF/2doZDrSn3gySKG2+KRo="></latexit>

�E + h"ik2E = 0
<latexit sha1_base64="ZVRkfjyBDU1U5voCn+voYL6hGls="></latexit>

✓ =
<latexit sha1_base64="Iu7MDsen9rjrJjvtw+2TNmuCnDA="></latexit>



✓ =
<latexit sha1_base64="Iu7MDsen9rjrJjvtw+2TNmuCnDA="></latexit>
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High order homogenization

direct numerics
<latexit sha1_base64="qxp2lIIod1muiDOC7PVATHua5KI="></latexit>

�E + h"ik2E = 0
<latexit sha1_base64="ZVRkfjyBDU1U5voCn+voYL6hGls="></latexit>

[E] = 0,


@E

@x1

�
= 0

<latexit sha1_base64="unlj5p8rESgi8vSY2fyOzuPqeKQ="></latexit>

hom. 0-0
<latexit sha1_base64="W34PZ9h5ZwJ9rKx0c/cN0QWpq2M="></latexit>

[E] = 0,


@E

@x1

�
= ak2E

<latexit sha1_base64="3tG6ylF/2doZDrSn3gySKG2+KRo="></latexit>

hom. 1-1
<latexit sha1_base64="fmhElJZMCPS2HtrARxbCDcQiU6g="></latexit>

�E + "k(k)k
2E = 0

<latexit sha1_base64="YHk2TzfegoFbkDQaISpX6sXc6wg="></latexit>

hom. 2-1
<latexit sha1_base64="eP+T4IKy9js8koavekI1n5hj38s="></latexit>

[E] = 0,


@E

@x1

�
= ak2E

<latexit sha1_base64="3tG6ylF/2doZDrSn3gySKG2+KRo="></latexit>

�E + h"ik2E = 0
<latexit sha1_base64="ZVRkfjyBDU1U5voCn+voYL6hGls="></latexit>

E(X1, 0)
<latexit sha1_base64="fXRclgwlt7WMQr94EF55R+Cie1Q="></latexit>

)
<latexit sha1_base64="6vcN8ja35KjbxRsS13nv28vOfso="></latexit>

✓
<latexit sha1_base64="gppr4r7yFoX++lTxt2863Chl0Y8="></latexit> X1

<latexit sha1_base64="kFFoDddVdYXlozfAuC59lY91VpQ="></latexit>

X2
<latexit sha1_base64="BiYsbXKCHNa+zDhD3a0t+Vrf6Hg="></latexit>



✓ =
<latexit sha1_base64="Iu7MDsen9rjrJjvtw+2TNmuCnDA="></latexit>
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High order homogenization

direct numerics
<latexit sha1_base64="qxp2lIIod1muiDOC7PVATHua5KI="></latexit>

�E + h"ik2E = 0
<latexit sha1_base64="ZVRkfjyBDU1U5voCn+voYL6hGls="></latexit>

[E] = 0,


@E

@x1

�
= 0

<latexit sha1_base64="unlj5p8rESgi8vSY2fyOzuPqeKQ="></latexit>

hom. 0-0
<latexit sha1_base64="W34PZ9h5ZwJ9rKx0c/cN0QWpq2M="></latexit>

[E] = 0,


@E

@x1

�
= ak2E

<latexit sha1_base64="3tG6ylF/2doZDrSn3gySKG2+KRo="></latexit>

hom. 1-1
<latexit sha1_base64="fmhElJZMCPS2HtrARxbCDcQiU6g="></latexit>

�E + "k(k)k
2E = 0

<latexit sha1_base64="YHk2TzfegoFbkDQaISpX6sXc6wg="></latexit>

hom. 2-1
<latexit sha1_base64="eP+T4IKy9js8koavekI1n5hj38s="></latexit>

[E] = 0,


@E

@x1

�
= ak2E

<latexit sha1_base64="3tG6ylF/2doZDrSn3gySKG2+KRo="></latexit>

�E + h"ik2E = 0
<latexit sha1_base64="ZVRkfjyBDU1U5voCn+voYL6hGls="></latexit>

E(X1, 0)
<latexit sha1_base64="fXRclgwlt7WMQr94EF55R+Cie1Q="></latexit>

)
<latexit sha1_base64="6vcN8ja35KjbxRsS13nv28vOfso="></latexit>

✓
<latexit sha1_base64="gppr4r7yFoX++lTxt2863Chl0Y8="></latexit> X1

<latexit sha1_base64="kFFoDddVdYXlozfAuC59lY91VpQ="></latexit>

X2
<latexit sha1_base64="BiYsbXKCHNa+zDhD3a0t+Vrf6Hg="></latexit>



✓ =
<latexit sha1_base64="Iu7MDsen9rjrJjvtw+2TNmuCnDA="></latexit>
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direct numerics
<latexit sha1_base64="qxp2lIIod1muiDOC7PVATHua5KI="></latexit>

E(X1, 0)
<latexit sha1_base64="fXRclgwlt7WMQr94EF55R+Cie1Q="></latexit>

)
<latexit sha1_base64="6vcN8ja35KjbxRsS13nv28vOfso="></latexit>

✓
<latexit sha1_base64="gppr4r7yFoX++lTxt2863Chl0Y8="></latexit> X1

<latexit sha1_base64="kFFoDddVdYXlozfAuC59lY91VpQ="></latexit>

X2
<latexit sha1_base64="BiYsbXKCHNa+zDhD3a0t+Vrf6Hg="></latexit>

correcting the transmission conditions only
<latexit sha1_base64="n9PdcMu/3vZs8FdsDIIWi89XA+s="></latexit>

correcting the e↵ective propagation only
<latexit sha1_base64="vssivLRLK8+ORfIPJEUDciZm/Qc="></latexit>

correcting both
<latexit sha1_base64="kRGHZzeRXS4EakePunUZLtmPyu4="></latexit>





)
<latexit sha1_base64="6vcN8ja35KjbxRsS13nv28vOfso="></latexit>

✓
<latexit sha1_base64="gppr4r7yFoX++lTxt2863Chl0Y8="></latexit> X1

<latexit sha1_base64="kFFoDddVdYXlozfAuC59lY91VpQ="></latexit>

X2
<latexit sha1_base64="BiYsbXKCHNa+zDhD3a0t+Vrf6Hg="></latexit>

E(X1, 0)
<latexit sha1_base64="fXRclgwlt7WMQr94EF55R+Cie1Q="></latexit>

✓ =
<latexit sha1_base64="Iu7MDsen9rjrJjvtw+2TNmuCnDA="></latexit>
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direct numerics
<latexit sha1_base64="qxp2lIIod1muiDOC7PVATHua5KI="></latexit>

�E + h"ik2E = 0
<latexit sha1_base64="ZVRkfjyBDU1U5voCn+voYL6hGls="></latexit>

[E] = 0,


@E

@x1

�
= 0

<latexit sha1_base64="unlj5p8rESgi8vSY2fyOzuPqeKQ="></latexit>

hom. 0-0
<latexit sha1_base64="W34PZ9h5ZwJ9rKx0c/cN0QWpq2M="></latexit>

[E] = 0,


@E

@x1

�
= ak2E

<latexit sha1_base64="3tG6ylF/2doZDrSn3gySKG2+KRo="></latexit>

hom. 1-1
<latexit sha1_base64="fmhElJZMCPS2HtrARxbCDcQiU6g="></latexit>

�E + "k(k)k
2E = 0

<latexit sha1_base64="YHk2TzfegoFbkDQaISpX6sXc6wg="></latexit>

hom. 2-1
<latexit sha1_base64="eP+T4IKy9js8koavekI1n5hj38s="></latexit>

[E] = 0,


@E

@x1

�
= ak2E

<latexit sha1_base64="3tG6ylF/2doZDrSn3gySKG2+KRo="></latexit>

�E + h"ik2E = 0
<latexit sha1_base64="ZVRkfjyBDU1U5voCn+voYL6hGls="></latexit>



�E + h"ik2E = 0
<latexit sha1_base64="RypyNRHgkVgk6DbnuWfOBAgnXfw="></latexit>

[E] = 0,


@E

@x1

�
= ak2E

<latexit sha1_base64="l7sWDPGVLCvi0TVPzhIh+X+WsoU="></latexit>
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[E] = 0,


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�
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<latexit sha1_base64="wjpXDE3V9Ksra09RLYvO6aIk7NY="></latexit>

�E + "k(k)k
2E = 0

<latexit sha1_base64="i51QX9VdU+TOa7SbvVB/fCK2ELA="></latexit>




