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Chapter 4 

Chandezon’s Method 

The following relies very heavily on the works of Chandazon et. al. [15] and S. J. Elston et. 

al. [42] but was fully implemented in a program as part of my work, thus I am reproducing its 

derivation here. 

As stated in the introduction, Chandazon’s method is a method of transforming the space 

around a structure such that the structure is flat, solving Maxwell’s wave equations in the curved 

space, and matching the resulting waves at the now flat boundary. We use this method to study 

structures with arbitrary profiles. First we define the structure with a periodic function 𝑦 = 𝑎(𝑥) 

with period 𝑑 in Euclidean coordinates (Fig. 4.1). With an incident wave vector 𝒌 at an angle 𝜃 

off the y axis and angle 𝜙 between the x-y-plane and incident plane. 

Fig. 4.1: Structure and Euclidian Basis, showing the incident wave vector k, its angle off the 

normal, 𝜃, angle off the x-y-plane, 𝜙, the basis vectors x, y, and z, the boundary 

function 𝑦 = 𝑎(𝑥), and its period d. 

Here we can define two polarizations, transverse electric (TE) and transverse magnetic (TM) 

where the respective fields only have components perpendicular to the plane of incidence. In 

either case, we take the complex time independent incident field to be: 

|𝑭| = exp (𝑖(𝑘𝑥𝑥 − 𝑘𝑦𝑦 + 𝑘𝑧𝑧)), (4.1) 

where 𝑘𝑥, 𝑘𝑦, and 𝑘𝑧 are absolute value of the components of 𝒌 and 𝑭 represents either the 

electric (TE) or magnetic (TM) field. The scattered far field should also be defined in a standard 

form 

∑ 𝑅𝑛 exp(𝑖(𝛼𝑛𝑥 + 𝛽𝑛𝑦 + 𝑘𝑧𝑧))𝑛 , (4.2) 

in reflection where 𝛼𝑛 = 𝑘𝑥 +
2𝜋𝑛

𝑑
 , 𝛽𝑛 = √𝒌2𝜖𝑠 − 𝛼𝑛2 − 𝑘𝑧2, and 𝜖𝑠 is the permittivity of the

media the wave is propagating; and 

∑ 𝑇𝑛 exp(𝑖(𝛼𝑛𝑥 − 𝛽𝑛𝑦 + 𝑘𝑧𝑧))𝑛 , (4.3) 

in transmission where the sum is over all far field diffraction orders. 

k 
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Having defined the structure and far field, we now move to construct a coordinate system in 

which the surface is flat. For scalars, this is simple: 

𝑢 = 𝑥, 𝑣 = 𝑦 − 𝑎(𝑥),𝑤 = 𝑧. (4.4) 

However, defining vectors is a bit more complicated, in order to reproduce curl, required for 

Maxwell’s equations, while maintaining simple formulae two sets of vectors are needed, the 

contravariant 

𝜼1 = 𝒊̂,  𝜼2 = 𝒋̂ − 𝑎′𝒊̂,  𝜼3 = 𝒌̂, (4.5) 

and the covariant 

𝜼1 = 𝒊̂ + 𝑎
′𝒋̂,  𝜼2 = 𝒋̂,  𝜼3 = 𝒌̂, (4.6) 

where 𝑖,̂ 𝑗̂, and 𝑘̂ are unit vectors in the x, y, and z directions respectively. These vectors then 

allow cross products, and thus Maxwell’s equations to be modified as follows 

𝜵 × 𝑭 = (𝜼1
𝜕

𝜕𝑢
+ 𝜼2

𝜕

𝜕𝑣
+ 𝜼3

𝜕

𝜕𝑤
) × (𝐹𝑢𝜼1 + 𝐹𝑣𝜼2 + 𝐹𝑤𝜼3), (4.7) 

while the time derivative is unaffected, simply producing a −𝑖𝑘 term due to its complex 

exponential nature. Due to that same nature, as well as the translational symmetry in the w/z 

direction 

𝜕

𝜕𝑤
= 𝑖𝑘𝑧. (4.8) 

From here we use the fact that we only need two boundary conditions for each of two 

polarizations at any given boundary to reduce the problem further, and because both E and H 

fields parallel to a surface are continuous across the boundary, we will use the fields 

𝐻|| = (1 + (𝑎
′)2)𝐻𝑢 + 𝑎

′𝐻𝑣 ,     𝐸𝑤 = 𝐸𝑧,

𝐸|| = (1 + (𝑎
′)2)𝐸𝑢 + 𝑎

′𝐸𝑣 ,     and     𝐻𝑤 = 𝐻𝑧 .
(4.9) 

This means that, with a bit of manipulation, Maxwell’s wave equations can be written in the 

form 

𝑈̂𝑭 =
𝜕

𝜕𝑣
𝑭, (4.10) 

Where 

𝑈 =

(

𝜕

𝜕𝑢

𝑎′

1+(𝑎′)2
0

𝜕

𝜕𝑢

𝑘𝑧

𝑘(1+(𝑎′)2)
𝑖𝑘𝜖 +

𝜕

𝜕𝑢

𝑖

𝑘(1+(𝑎′)2)

𝜕

𝜕𝑢

0
𝑎′

1+(𝑎′)2

𝜕

𝜕𝑢

−𝑖(𝑘2𝜖−𝑘𝑧
2)

𝑘(1+(𝑎′)2)
−

𝑘𝑧

𝑘(1+(𝑎′)2)

𝜕

𝜕𝑢

−
𝜕

𝜕𝑢

𝑘𝑧

𝑘𝜖(1+(𝑎′)2)
−𝑖𝑘 −

𝜕

𝜕𝑢

𝑖

𝑘𝜖(1+(𝑎′)2)

𝜕

𝜕𝑢

𝜕

𝜕𝑢

𝑎′

1+(𝑎′)2
0

𝑖(𝑘2𝜖−𝑘𝑧
2)

𝑘𝜖(1+(𝑎′)2)

𝑘𝑧

𝑘𝜖(1+(𝑎′)2)

𝜕

𝜕𝑢
0

𝑎′

1+(𝑎′)2

𝜕

𝜕𝑢 )

,  𝑭 = (

𝐻||
𝐻𝑤
𝐸||
𝐸𝑤

). (4.11) 
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Now 𝐸𝑤 and 𝐻𝑤 need to be defined for the far field waves. The transmitted waves will be of 

the form 

𝐹𝑤 = ∑ 𝑇𝑛 exp (𝑖(𝑘𝑧𝑤 − 𝛽𝑛(𝑣 − 𝑎(𝑢)) + 𝛼𝑢))𝑛 , (4.12) 

which we can Fourier expand to give 

𝐹𝑤 = ∑ 𝑇𝑛 ∑ 𝐿𝑚−𝑛(𝛽𝑛) exp(𝑖(𝛼𝑚𝑢 − 𝛽𝑛𝑣 + 𝑘𝑧𝑤))𝑚𝑛 , (4.13) 

where 

𝐿𝑚(𝑓) =
1

𝑑
∫ exp (−𝑖 (𝑎(𝑢)𝑓 +

2𝜋𝑚

𝑑
𝑢))

𝑑

0
. (4.14) 

The reflected fields look the same mutatis mutandis, and for the incident field, 𝑛 = 0 and the 

amplitude coefficient is assumed to be 1. 

The final piece to the puzzle is to note that the matrix that represents Maxwell’s equations 

has only two functions that are dependent on the structure, 

𝐶(𝑢) =
1

1+(𝑎′)2
, and 𝐷(𝑢) =

𝑎′

1+(𝑎′)2
, (4.15) 

which can both be Fourier expanded. The same can be done to any solutions to the whole system 

of equations due to the structure’s periodicity. Expanding these two independent sums will allow 

us to evaluate the derivatives in 𝑼 and subsequently turn 𝑈̂ into a block matrix with each entry 

an ∞ ×∞ matrix. Of course, to solve it we truncate the sums at ±𝑁 creating an (8𝑁 + 4) ×
(8𝑁 + 4) matrix for which we find the eigenvalues and eigenvectors, 𝑟𝑞 and 𝑽𝑞 . These then

allow us to construct the fields present in the medium 

𝑭(𝑣) = 𝑀̂𝛷̂(𝑣)𝑨, (4.16) 

where 𝑭 is the expanded form of the block vector in eq. 4.12, 𝑀̂ is a matrix whose columns are 

𝑽𝑞 , 𝛷̂ is a matrix with entries 𝛷𝑝𝑞(𝑣) = exp(𝑖𝑟𝑞𝑣) 𝛿𝑝𝑞, and 𝑨 is an amplitude vector we still

need to find via boundary conditions. Now, it is important to point out that in the topmost and 

bottommost media we will only need those eigenvalues that have positive, or negative imaginary 

components respectively because these will be the ones that go to zero at infinity. The opposites 

will approach complex infinity at infinity, and the remaining, those with only real parts have 

already been defined by 4.14. We should also note that the waves defined in 4.14 are already in 

the basis of the expanded 𝑭 vector, meaning that these outward propagating waves can replace 

the waves that best resemble plane waves. Now, we simply split the 𝑭 in, my choice being 

between 𝑤 and || components. From this we construct boundary condition equations just as was 

done in chapter two, albeit with significantly fewer diagonal matrices.  

As a test of this method I devised a formula to approximate a square wave like structure 

where 𝑎′(𝑥) is a difference of offset Jacobi theta 3 functions to compare it to the photonic crystal 

method described in Chapter 2. The results look similar (fig. 4.2), but Chandezon’s method 

presents its own computational issues.  
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Fig. 4.2: The magnetic field due to normal incident light on an air-gold structure with 

(a) 𝑑 = 358 nm, 𝑓 = 0.5, and ℎ = 80 nm, and (b) a similar structure using

C-method with approximately 10 nm transitions between top and bottom flat sections.

As the structure gets closer to the true shape for the photonic crystal, the number of waves 

required to produce sensible results increased rapidly. However, it is far less prone to 

conditioning issues, involves finding no solutions to transcendental equations, and allows for 

much more flexibility in structure types. 
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Chapter 5 

Sine Wave Grating: Optoelectronic Characterization 

Plasmon drag effect (PLDE) is an enhancement of photoinduced electric currents in metal 

films and nanostructures [43-51], associated with excitation of surface plasmon polaritons(SPPs). 

PLDE presents interest for various applications as it provides an opportunity for direct electrical 

monitoring of plasmonic elements in electronic and optoelectronic devices and sensors. From a 

fundamental point of view, the effect can be considered in terms of plasmon-assisted momentum 

transfer in light–matter interaction in metal [44]. In the first PLDE experiments [50, 51], strong 

enhancement of photoinduced currents was observed in flat gold and silver films under 

conditions of surface plasmon polariton resonance in Kretschmann geometry [52]. Significant 

photo-induced electric effects were reported in rough and nanostructured surfaces under direct 

illumination, with polarity and magnitude of electric signals dependent on angle of incidence, 

wavelength of illumination, light polarization, and nanoscale surface geometry [43, 47-49]. 

The theoretical description of PLDE is based on electromagnetic momentum loss. In a metal 

nanostructure, the rate of momentum transfer from field to electrons can be found as [44] 

𝑓𝐿̅𝑖 =
1

2
∑ Re{𝑃𝛼𝜕𝑖𝐸𝛼

∗}α=x,y,z , (5.1) 

where 𝑷 = 𝜒𝑬 is the polarization vector, E is the electric component of the optical field, and 𝜒 is 

the susceptibility of the material. It was recently shown [53] that this approach, modified to take 

into account the electron thermalization time [54, 55], therm, adequately describes the electric 

currents induced under SPP resonance conditions in flat films. The theory was extended to 

surfaces with modulated profiles and multi-mode plasmonic excitations [53]. Assuming a 

relatively small amplitude of surface modulation height, and laminar electric current, the 

electromotive force (emf) per unit length induced in a plasmonic structure can be presented as a 

sum of contributions from each mode, with the contribution proportional to the absorbed power 

Qm and k-vector of each mode, 𝑘𝑚, as 

𝑈 = ∑ 𝑈𝑚𝑚 =
𝜏𝑡ℎ𝑒𝑟𝑚

𝜏

1

𝑛𝑒𝑒
∑

ℏ𝑘𝑚

ℏ𝜔
𝑄𝑚𝑚 , (5.2) 

where is the Drude collision time, and ne is the electron density. 

According to [53], strict numerical calculations (eq. (5.1)) correctly predict the angular 

position, magnitude and polarity of the photoinduced currents experimentally observed in flat 

silver films [50] and a gold film with a sine-wave profile [53] at the SPP resonance conditions. 

However, in both cases, the exact shape of the peak as well as off-resonance signals are not 

properly described by the theory; and this is tentatively attributed to the effect of roughness in 

experimental samples. Below, we provide details of our calculations for the sine-wave films, 

explore limitations of our theoretical approach [53] and the validity of a simplified consideration 

(equation (5.2)). 

The structure under consideration is a 60 nm thick gold film with a sine-wave profile, a 

period of 𝑑 = 538 nm and a modulation depth 2 h, which we varied, see fig. 5.1(a). The 
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electromagnetic fields in a sine-wave structure are calculated Chandezon’s method described 

above. As expected, simulations predict surface plasmon resonance (SPR) [55] at the incidence 

angle, θ  

𝑘𝑠𝑝𝑝 =
2𝜋𝑛

𝑑
+ 𝑘𝑥, (5.3) 

where 𝑘𝑥  =  𝑘 sin(𝜃) is the x component of the k-vector and n is an integer. The SPP k vector

closely corresponds to the estimations for flat films [56], 

𝑘𝑆𝑃𝑃

𝑘
= 𝜉 = √

𝜀𝑚𝜀𝑑

𝜀𝑚+𝜀𝑑
, (5.4) 

where 𝜀𝑚 and 𝜀𝑑   are dielectric permittivities for metal and air respectively. 

Reflectivity of the film, R(h,  ) was calculated for the whole optical range for various 

amplitudes of surface modulation, h = 0-50 nm, as a function of incidence angle, , and light 

frequency (Fig. 5.1(b)). Two SP branches are seen, which can be fitted with Eq. (5.3) for 

𝑛 =  −1 or +1, corresponding to the plasmon propagating backward, against kx, for the low 

frequency branch and forward, with kx, for the high frequency branch. These modes join each 

other at 𝜃 = 0 and frequency ~ 2.15 eV, forming a standing plasmon wave with 𝑘𝑠𝑝𝑝 =
2𝜋𝑑−1

𝜉


Fig. 5.1: (a) Schematic of the structure; (b) Reflectivity as a function of 𝜃 and ℏ𝜔 for 

ℎ = 30 nm; (c) Normalized reflectivity for 𝜃 = 5° for different modulation 

amplitudes ℎ as color coded in the bottom left corner of the figure; (d) Frequency 

spectrum of SPP losses for different ℎ; (e) PLDE emf spectrum corresponding to 

reflectivity in panel (c); (f) Peak emf per SPP losses. 

In Fig 5.1(c), the reflectivity R, normalized to the reflectivity of the flat film, 𝑅0, is plotted as 

a function of frequency for different modulation amplitudes at 𝜃 = 5° Each curve demonstrates 
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two SPP resonance dips and an additional small peak around 2.15 eV related to the Rayleigh 

anomaly [57]. With an increase in the modulation amplitude, the resonance dips first become 

deeper and then broader. 

Fig. 5.1(d) shows the spectral dependences of losses associated with the SPP excitation, 

𝑃𝑆𝑃𝑃, which were calculated as the difference between the reflected intensity from a flat gold 

film (ℎ =  0) and at the conditions of the SPP resonance for a particular h with the same 𝜃 and 

𝜔. At low h (10 and 20 nm), 𝑃𝑆𝑃𝑃 decreases with increase in frequency, giving a small peak at 

∼2.15 eV. 𝑃𝑆𝑃𝑃 is the highest at ℎ ≈  30 nm for most of the spectrum, indicating the most

efficient SPP excitation. With the further increase in h the spectral dependence 𝑃𝑆𝑃𝑃(𝑤) tends to,

instead, increase with the increase of 𝜔.

The plasmonic pressure force acting on an electron is determined by fields in a metal as 

𝑓𝛼 =
1

2
𝑅𝑒 {𝜒(𝐸𝑥𝜕𝛼𝐸𝑥

∗ + 𝐸𝑦𝜕𝛼𝐸𝑦
∗ + 𝐸𝑧𝜕𝛼𝐸𝑧

∗)}. (5.5) 

The photoinduced emf is calculated by averaging the pressure force, 𝑓𝐿𝑥  , over the volume of the 

metal film as [53]  

𝑈

𝐼
=

1

2𝜋

𝜏𝑡ℎ𝑒𝑟𝑚

𝜏

𝐿/𝐼

𝑒𝑛𝑒

1

ℎ
∫ 𝑓𝐿̅𝑥(𝑧)𝑑𝑧ℎ

, (5.6) 

where I is the incident light intensity and 𝐿 is the diameter of the illuminated spot. 

The emf calculated in a flat film (ℎ =  0), 𝑈0, is pure photonic drag [58], which is small and 

plays a role only at the blue part of the spectrum. The plasmonic emf, 𝑈 – 𝑈0, calculated at 

𝜏𝑡ℎ𝑒𝑟𝑚  =  270 fs, 𝐿 =  2 mm, and 𝜃 =  5° is plotted in Fig. 5.1(e). The polarities of 𝑈 – 𝑈0 at 

the red and blue parts of the spectrum are opposite to each other, in each case corresponding to 

the drift of electrons in the direction of SPP propagation. The emf peaks change with variation of 

h in a similar way to the dips in reflectivity (Fig. 5.1(c)). 

The ratio of the peak emf and maximum losses at SPR are plotted in 

Fig. 5.1(f) for the whole optical range. The curves are almost flat, corresponding to 

𝐶 =
1

𝐼

𝑈−𝑈0

𝑅0−𝑅
=  2.2 − 2.5 mV/(MW cm

2
) at small modulation amplitudes increasing to ~ 3-3.5

with an increase in h They are negative at the red part of the spectrum, and positive at the blue, 

corresponding to backward or forward plasmon drag. The polarity switches at ~ 2.15 eV where 

the standing SPP wave is excited, providing zero momentum to electrons. Near the switching 

point the curves with high h demonstrate a small peak. 

The flatness of the curves indicates that the momentum transfer from plasmons to electrons is 

directly proportional to the energy transfer, which correlates well with the conclusions of the 

theory [53] predicting a direct proportionality between the plasmon induced emf and absorption 

at relatively small modulations of the metal surfaces (ℎ ≪ 𝑑) and laminar electron flow. 

According to the results of the simulations, it holds up to amplitudes of 40–50 nm for our 

periodicity. In comparison with the experiment, the calculations correctly predict the magnitude, 

polarity and angular position of the PLDE peak observed experimentally in the gold film with 
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ℎ ∼  25 nm see, figure 3 in [53]). However, the presence of additional contributions (clearly 

seen at large incidence angles) have yet to be taken into account. 

In conclusion, the PLDE in a thin gold film with a sine-wave profile was analyzed 

theoretically for various amplitudes of the surface modulations in a broad optical range. The 

numerical simulations based on modified electromagnetic momentum loss approach was shown 

to provide adequate description of the emf associated with propagating SPPs at small amplitudes 

of surface modulations. 

Plasmons in Sine Wave Films Vs Square Nanowires 

Periodic arrays of plasmonic elements, such as 1 D arrays of metal strips can support 

propagating modes of plasmonic excitations [59, 60] which have a certain similarity with surface 

plasmon polaritons (SPPs) excited at dielectric-metal interfaces in continuous metal films. 

Discontinuous plasmonic systems may be advantageous for a number of applications due to a 

lower relative concentration of metal and, possibly, a lower loss. In order to better understand 

optical and plasmonic properties of periodic arrays of plasmonic strips of subwavelength 

periodicity, we study these systems theoretically. Experimental studies were conducte at Norfolk 

State University [61], in comparison with continuous metal gratings with a sine-wave modulated 

profile. 

The schematics of the structures 

under consideration and results of the 

numerical simulations are shown in Fig. 

5.2. The two methods described in 

earlier chapters were used. The 

parameters used in the calculations 

correspond to those of my collaborator’s 

experimental samples. 

The continuous grating (Fig. 5.2(a)) 

supports SPPs at the metal-air interface 

at 𝒌𝑠𝑝𝑝 = 𝑛𝑮+ 𝒌𝑥, where kx is the 

projection of the optical k-vector, k0, on 

the sample plane, 𝐺 = 2𝜋/𝑑𝑔 and 

𝑛 = ±1 for our parameters. According 

to the simulations, the ratio 

𝜉 = 𝑘𝑠𝑝𝑝/𝑘0 is very close to 

what is expected in flat films, 

𝜉 = [(𝜀𝑚𝜀𝑑)/(𝜀𝑚 + 𝜀𝑑)]
1/2, where 𝜀𝑚

and 𝜀𝑑 are the permittivities of metal 

and dielectric respectively. The 

solutions for the strip array 

(Fig. 5.2(b)) predict two different 

branches of collective excitations; one 

corresponds to the participation of the 

air-gold interface, and the other involves 

Fig. 5.2: Schematic cross-sections of the 

continuous sine-wave grating (a) and strips array 

(b); Zero-order reflectivity (shown with color) as 

the function of the angle of incidence, , and 

photon energy in the continuous grating (c) and 

strip array (d); Electric fields at resonance 

conditions in the continuous grating (e) and strip 

array (f, g). Parameters used in calculations are 

indicated. 
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the glass-gold interface. The major difference between continuous and discontinuous systems is 

expected in the reflection at the resonance conditions: a dip in the zero-order reflectivity is 

expected in the continuous film while a peak in the zero-order reflectivity is expected for the 

strip array. Increased reflection is also predicted at 𝑘0 = 2𝜋/𝑑𝑔 − 𝑘0 sin 𝜃 (bright Rayleigh-

Wood anomaly [62]). 

In the experiment by Dr. Noginova’s group at Norfolk State University, arrays of gold strips 

on glass substrates were fabricated using the interferometric lithography technique [63] first to 

form a photoresist pattern in SU-8 on top of a metal film and then transferring the pattern into the 

metal with a reactive ion etching, a dry etch. Gold continuous gratings were fabricated with 

forming a photoresist pattern on glass and subsequent deposition of metal onto the pattern. 

In the reflectance measurements, the structure under study was mounted on the double 

goniometer stage, and illuminated with He-Ne laser at λ = 632.8 nm at p polarization 

(Fig. 5.3 (a)). The intensity of the reflected beam (zero order reflectivity) was measured as the 

function of angles of incidence, 𝜃,  𝜙. A dip in the reflected 

intensity was observed in the continuous film (Fig. 5.3 (b)), while the strip array demonstrated a 

peak with an additional extra-sharp feature (Fig. 5.3 (c)) of angular width as small as ~ 0.04°. 

Changing the relative orientation of the strips (varying 𝜙), the peak positions shifted toward 

larger 𝜃. 

Fig. 5.3. (a) Setup in reflection measurements; (b, c) Reflected intensity in the sine-wave 

continuous film (b) and strip array (c); (d) reflection spectra at different 𝜃 as 

indicated; (e) the dispersion curve obtained from the reflection data (points). Solid 

trace is calculations for the continuous air-gold interface. 

In the spectral measurements, the total reflected and transmitted intensities were recorded 

using the integrating sphere in the spectrophotometer setup. The reflection spectrum showed a 

dip as a characteristic signature of the resonance mode (Fig. 5.3(d)). The dispersion curve of this 

mode (Fig. 5.3 (e), points) derived from these measurements has a typical SPP character, but 

differs in magnitude from that of a continuous gold film, corresponding to slower propagation of 

the SPP in the discontinuous system. 

Comparison of theoretical predictions and experimental data shows a very good agreement 

for both types of systems. 
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Conclusions 

Throughout this thesis I have described multiple methods for semi-analytically solving 

Maxwell’s equations in complicated two dimensional structures. These methods were then used 

in a variety of ways to manipulate light. Rotating its polarization in a fraction the distance of any 

other proposed waveplate; potentially acting as an efficient coupling mechanism between optics 

and electronics; and having a plasmonic peak so strong and sharp that it holds incredible promise 

as a sensor. 

We first modeled a metal-dielectric 1D optical meta-crystal. Then we used that to model 

arbitrary rectangular grating structures using a novel geometric series based approach. we then 

used this method to exactly model a metamaterial layer calculations performed by D. Keene et. 

al. By modifying the thickness and metal fraction, frequencies of polarization rotation could be 

moved almost anywhere within the optical range. 

We also implemented Chandezon’s method, manipulating the metric in which Maxwell’s 

wave equations were to be solved, and beating the Rayleigh hypothesis’s limitations. Then we 

used the plasmonic pressure mechanism to find the forces on electrons and characterize the 

optoelectronic responses for various heights of sine wave metal structures, which may one day 

be used to couple electronic and optical computational devices. 

We then used both methods together, comparing their reflectivity responses and theoretically 

explaining interesting details in the data of experiments done by Dr. Noginova’s group at 

Norfolk State University. 

My work described in this thesis has the potential to push science quite far. Not just here at 

Georgia Southern University, where I have created a suite of computational wave optics 

programs useable in the search for more and more interesting surface properties. But also at 

large, where I have proposed a fair few realizable ideas for surface structures that could pave the 

way for new sensors, wave plates, maybe even realistic optical computers. 
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