4

parameter space

Single-interface lossless modesin € '-u;,'

Tables
Item Topi c Chapter 3 Chapter 4 Chapter 5 Chapter 6 |Chapter 7

1 Interfaces 1 1 2 1 2

2 Types ENG DNG | DPS, ENG DNG, MNG | DPS, ENG, DNG, MNG ENG ENG
3 Er, Ur conpl ex real real conpl ex conpl ex
4 Di spersion yes no no no no

5 Free 3 yes yes yes yes yes
6 Loaded B yes no no yes yes
7 Configuration O K free free O K G

8 R yes no no yes yes

9 G-H yes no no no no
10 E and H no yes yes yes yes
11 S; no yes yes yes yes
12 Sx no no no yes yes
13 n yes no no yes yes
14 Vph and Vg oup yes no no no no
15 |Charge density no no no yes yes

Table 2.10. List of topics investigated in chapters 3-7.
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Item Topi ¢ Chapter 4

1 I nterfaces 1

2 Types DPS, ENG, DNG, MNG
3 €r, Ur r eal

4 Di spersion no

5 Free 3 yes

6 Loaded 3 no

7 Configuration free

8 R no

9 G-H no

10 E and H yes

11 S, yes

12 Sx no

13 n no

14 | vpn and Vgroup no

15 |[Charge density no

Table 4.1. List of topics investigated in this chapter.

Medi um € K n; ri o (deg)
Cover c| 2.25 2.25 2.25 |3.18198 45,
Substrate |s |3.0625 |3. 0625 |3. 0625 |4. 33103 45,

Table 4.2. The parameters ¢, u; and n;, and the magnitude of the vector, r;, and its angle, ¢;,

for the DPS-type substrate and DPS-type cover. These parameters are used to generate all
the media types discussed in this chapter.

Medi um DPS | ENG | DNG | M\G
Cover Fe, Oc |7T—c | TT+Pc | 27—
Substrate [rg, ¢s | T-0¢s | T+ | 271—s

Table 4.3. The sets (rs,¢s) and (r¢,¢.) used to generate all the media types discussed in this

chapter.

Bte DPSgyp. ENGsp. DNGsp. MNGsyp.
DPScover 0 0 0 4.69043
ENGeover 0 0 4.69043 0.
DNGeover 0 4.69043 0 0
M\NGeover | 4. 69043 0 0 0

Table 4.4. The solutions of g for the 16 media pairs. The valid solutions are those whose
magnitude is larger than the refractive indices given in Table 4.2.



Types | DPS/M\G | DNG/ENG
ote |4.11553 [ 4. 11553
yre | 5.6017 | 5.6017
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Table 4.5. The decay constants, 6t and yg, for the DPS/MNG-type and DNG/ENG-type

structures.

Bt™ |:]:)Ssub. ENGsub. |:]\IGsub. NNGsub.
DPScover 0 4.69043 0 0
ENGover | 4. 69043 0 0 0
DNG:over 0. 0 0 4.69043
MNGover 0 0 4.69043 0

Table 4.6. The solutions of gy for the 16 media pairs. The valid solutions, whose magnitude

is larger than the refractive indices presented in Table 4.2.

Types | DPS/ENG | DNG/ MNG
5tm | 4.11553 [ 4. 11553
ymm | 5.6017 | 5.6017

Table 4.7. The decay constants, 6ty and yry, for the DPS/ENG-type and DNG/MNG-type

structures.
Mode | Types a b
TE |DPS/MNG|201534.
TE |DNG/ENG|201534.
TM | DPS/ENG 534. 956
TM | DNG/MNG 534. 956

Table 4.8. The normalization constants of the fields for the TE mode, a, using Eq. (2.189)
and for the TM mode, b, using Eq. (2.195).
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Fig. 4.3. The four media-type pairs that support a single-interface mode, presented in an ¢, -
' parameter space. These pairs consist of the following structures: (top left) DPS/MNG-
type, (top right) DNG/ENG-type, (bottom left) DPS/ENG-type and (bottom right) DNG/MNG-
type.

Fig. 4.4. The solutions of single-interface (left) TE and (right) TM modes, B and S,
respectively, in terms of the angle ¢s. Here, the cover is DPS-type while the substrate,
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Fig. 4.6. The complete solution of the TE mode belonging to the DPS/MNG-type structure:
(top left) the presentation of the structure in an € '-y,' parameter space, (top right) the propaga:
tion constant, 5, and the decay constants in the cover and substrate, § and y, (center left) E,’,
(center right) H,', (bottom left), H,", and (bottom right) s,. Note that for the substrate x < 0
and for the cover x > 0.
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Fig. 4.7. The complete solution of the TE mode belonging to the DNG/ENG-type structure:
(top left) the presentation of the structure in an € '-y,' parameter space, (top right) the propaga:
tion constant, 5, and the decay constants in the cover and substrate, § and y, (center left) E,’,

(center right) H,', (bottom left), H,", and (bottom right) s,.
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Fig. 4.8. The complete solution of the TM mode belonging to the DPS/ENG-type structure:
(top left) the presentation of the structure in an € '-y,' parameter space, (top right) the propaga:
tion constant, 8, and the decay constants in the cover and substrate, 6 and y, (center left) H,',

(center right) E,', (bottom left) E,", and (bottom right) s,.
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Fig. 4.9. The complete solution of the TM mode belonging to the DNG/MNG-type structure:
(top left) the presentation of the structure in an € '-y,' parameter space, (top right) the propaga:
tion constant, 8, and the decay constants in the cover and substrate, 6 and y, (center left) H,',

(center right) E,', (bottom left) E,", and (bottom right) s,.
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Fig. 4.10. Comparison of the local power flow, s,, in the substrate (x < 0) and cover (x > 0) for
the (top left) DPS/IMNG-type, (top right) DNG/ENG-type, (bottom left) DPS/ENG-type and
(bottom right) DNG/MNG-type. Here, the two figures at the top and at the bottom belong to
the TE and TM modes, respectively. Note that in each case s, in the cover and substrate
point in the opposite direction.

Exercises

(1) Table4.1 includes only a partial list of the topicsincluded in Table 2.2. Try address-
ing al the rest of the topics using the model metamaterial of this chapter.

(2) Discuss the meaning of electric and magnetic charge density waves in the

DPS/MNG-, DNG/ENG-, DPSJENG and DNG/MNG-type structures in the context of a
metamaterial.
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