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Tables

Item Topic 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 Εr,Μr complex real real complex complex

4 Dispersion yes no no no no

5 Free Β yes yes yes yes yes

6 Loaded Β 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 sz no yes yes yes yes

12 sx no no no yes yes

13 Η yes no no yes yes

14 vph and vgroup yes no no no no

15 Charge density no no no yes yes

Table 2.10. List of topics investigated in chapters 3-7.



Item Topic Chapter 7
1 Interfaces 2
2 Types ENG
3 Εr,Μr complex
4 Dispersion no
5 Free Β yes
6 Loaded Β yes
7 Configuration G
8 R yes
9 G-H no
10 E and H yes
11 sz yes
12 sx yes
13 Η yes
14 vph and vgroup no

15 Charge density yes

Table 7.1. List of topics investigated in this chapter.

Εi Μi ni ri Φi

Prism 6.25 1. 2.5
Cover 2.25 1. 1.5 2.46221 0.418224

Metal -15.9958 + 0.52 ä 1. 0.0649999 + 4. ä 16.027 3.07916
Substrate 2.25 1. 1.5 2.46221 0.418224

Table 7.2. The value of Εi , Μi , ni , ri  and Φi  belonging to the prism, cover, guide and substrate.

Long-range mode Short-range mode

Β 1.51928 + 0.000218585 ä 2.12771 + 0.0335961 ä

∆ 0.241266 + 0.00137645 ä 1.50939 + 0.0473587 ä

Κ 0.0606878 + 4.27875 ä 0.0416126 + 4.53029 ä

Γ 0.241266 + 0.00137645 ä 1.50939 + 0.0473587 ä

Table 7.3. The solution of  the complex mode equation, for  dm  = 20 nm, yields the complex
values of Β, ∆, Κ and ∆, each for the SR and LR modes.

System Ζ HΜmL NΖ HcyclesL ΤΖ HfsL
HaL PW silver 0.0251783 0.01625 0.00545907
HbL SR glass�silver�glass 2.99776 63.3319 21.2759
HcL MR glass�silver 23.4248 376.32 126.422
HcL LR glass�silver�glass 460.751 6950.51 2334.98

Table 7.4. The 1/e propagation distance, Ζ,  the number of wave cycles per decay length, NΖ,

and the lifetime, ΤΖ, for a plane wave (PW) incident normal to a thick silver film, and for SR,

MR and LR modes.
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Mode C
LR 137.653
SR 292.098

Table 7.5. The normalization constant, C, of the fields associated with a power of one W per
one meter width of the guide for the LR and SR modes.

Ηi�Η0 ΗLR�Η0 ΗSR�Η0

Cover 0.666667 0.675235 + 0.000097149 ä 0.945648 + 0.0149316 ä

Metal 0.00406142 - 0.249934 ä -0.0948791 - 0.00309805 ä -0.132808 - 0.0064177 ä

Substrate 0.666667 0.675235 + 0.000097149 ä 0.945648 + 0.0149316 ä

Table 7.6. The relative wave impedance of the bulk media and the LR and SR modes, Ηi � Η0,
ΗLR � Η0  and ΗSR � Η0,  respectively,  where Η0  is  the free space impedance and i  denotes sub-
strate, metal and cover.

Mode Pc,z Pm,z Ps,z Pz
LR 0.503018 -0.00603836 0.503018 1
SR 0.50704 -0.0138565 0.50704 1

Table 7.7. The total power flow along the z-direction, Pc,z,  Pm,z and Ps,z,  in the cover,  guide

and  substrate,  respectively,  and  their  sum,  Pz,  are  obtained by  integrating  their  respective
shaded areas as depicted in Fig. 7.14.

Mode Pc,x Ps,x Px
LR -0.503018 0.503018 0
SR -0.50704 0.50704 0

Table  7.8.  The  total  power  flow  along  the  x-direction,  Pc,x  and  Ps,x,  in  the  cover  and  sub-

strate, respectively, and their sum, Px.

ne H1�Μm2L x = 0 x = -d

LR -2.20702 2.20702
MR -3.63639
SR -6.55825 -6.55825

Table 7.9. The peak number of charges ne  at the top (x = 0) and bottom (x = -dm) interfaces
of  the guide for  the LR and SR modes and at  the top for  a single-interface structure (MR).
Note the sign of the charges for these two modes.
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Mode Β Θp HdegL Gp HdegL
LR 1.51928 + 0.000218585 ä 37.4242 0.00630807

SR 2.12771 + 0.0335961 ä 58.2993 1.4651

Table  7.10.  The  complex  propagating constants  of  the  LR  and  SR  modes  from  which  the
angle of incidence inside the prism, Θp, and Lorentzian width, Gp, are derived.
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LR and SR modes as a function of x.
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Fig. 7.11. The absolute value of the electric fields, |Ex| and |Ez|, for the LR and SR modes as
a function x.
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Chapter 7.nb  11



0.0 0.5 1.0 1.5 2.0
-30

-20

-10

0

10

z HΜmL

n e
HΜm

2 L

LR

n e
=

2.
20

70
2

0.0 0.5 1.0 1.5 2.0
-30

-20

-10

0

10

z HΜmL

n e
HΜm

2 L

SR

n e
=

6.
55

82
5

Fig. 7.17. The surface charge density wave across the top and bottom interfaces of the guide
for the LR and SR modes showing that they are antisymmeric and symmetric, respectively. 

10 15 20 25 30 35 40

40

50

60

70

80

dm HnmL

Θ
p

Hdeg
L

æ

LRMR

æ

SR

Figure  7.19.  The  angle  Θp  in  the  prism  for  the  LR,  SR  and  MR  mode  as  a  function  of  the

guide thickness, dm. 

12   Chapter 7.nb



15 20 25 30 35 40
0

1

2

3

4

5

6

dm HnmL

G
p

Hdeg
L

æ

LR
MR

æ

SR

Fig.  7.20. Gp  as a function of  dm  calculated from the complex  propagation constants of  the

LR, SR and MR modes. 

10 20 30 40 50
1

10

100

1000

104

dm HnmL

G
SR

�G L
R

æ

Fig.  7.21.  The  ratio  of  the widths GSR/GLR  as  a  function of  dm  calculated from  the complex
propagation constants of the LR and SR modes.

Chapter 7.nb  13



37.30 37.35 37.40 37.45 37.50 37.55
0.0

0.2

0.4

0.6

0.8

1.0

Θ HdegL

R

dc = 800. nm

d m
=

20
.n

m

LR

37.30 37.35 37.40 37.45 37.50 37.55
0.0

0.2

0.4

0.6

0.8

1.0

Θ HdegL

R

dc = 1066.67 nm

d m
=

20
.n

m

LR

37.30 37.35 37.40 37.45 37.50 37.55
0.0

0.2

0.4

0.6

0.8

1.0

Θ HdegL

R

dc = 1333.33 nm

d m
=

20
.n

m
LR

37.30 37.35 37.40 37.45 37.50 37.55
0.0

0.2

0.4

0.6

0.8

1.0

Θ HdegL
R

dc = 1600. nm

d m
=

20
.n

m

LR
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Fig. 7.23. The R-spectra (solid line) and D-spectra (dashed line) of the LR and SR modes for
a constant guide thickness of dm  = 50 nm and cover thicknesses of dc  = 200, 300, 400 and
500 nm. 

Exercises

(1) Complete the missing items in Table 7.1 by developing the code, generating figures
and discussing them. 

(2)  Compare  the  advantages  and  disadvantages  of  using  the  general  prism  coupling
configuration relative to the Otto and the Kretschmann configurations.
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