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Abstract- The shape memory alloys are the most commonly used part of the smart material 

group. Effective use of these materials is increasing in industrial area. In SMA class, 

mostly NiTi and Cu-based memory alloys are preferred and in many kinds of applications, 

when compared with NiTi ones, Cu-based SMAs are opted for their easier production 

process, lower costs or higher transformation temperatures. These smart alloys can 

remember their original predeformed shapes when they heated up to high temperatures after 

they were deformed plastically at low temperatures. This shape regaining mechanism of 

them stems from the thermoelastic phase transformations between their main and product 

phases. The temperature factor, which is effective in phase change, has an aging effect 

on the material in used applications. That effect changes the character of the material 

depending on the usage conditions over the working temperatures. In this study, the 

transformation temperature, enthalpy and entropy changes on the material were 

investigated by aging the TiNi shape memory alloy at 300° C for different waiting 

periods. 
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1. Introduction 

Unlike plane waves, a finite beam of light undergoes longitudinal (in the plane of 

incidence) and transverse (perpendicular to the plane of incidence) [1] which are known 

as Goos-Hanchen (GH) shift [2] and Imbert-Fedorov (IF) shift respectively [3]. Figure.1 

illustrates GH and IF shifts. 

 

Fig.1 GH and IF shifts in a plane reflecting interface 

Beam shifts have potential applications in the design of optical devices such as optical 

waveguide switch, optical sensors as well as precision metrology and spin photonics [4]. 

At a single dielectric interface, the lateral shift is usually small, almost comparable 

to the wavelength of incident beam. The shift is demonstrated to be small in metal 

reflections as well. Regarding the large loss of noble metals and availability of 

atomically thick layers, two dimensional materials such as graphene, transmission metal 

di-chalcogenides and topological insulators have generated immense research during the 

past decade. 

Graphene, a single layer of carbon atoms arranged in a hexagonal lattice, has 

extraordinary properties owning to high electric mobility, low ohmic loss, high surface 

area etc. Its surface conductivity yields a giant and negative spatial Goos-Hanchen 

shift [5]. On the other hand, dielectric-metal composites of nanoparticles also present 

remarkable potential for an improved and tunable GH shift [6]. Particles' shape effect 

can be a significant factor in permittivity of composite. Metal-dielectric composites 

also are of interest for light trapping and photovoltaic in solar cells [7]. 

In this work, using effective medium theory, GH shift of a laser beam in reflection off 

a graphene-coated semi-infinite glass substrate including spheroidal gold nanoparticles 

is investigated.  

2. Reflection Coefficients  

When light with the angle θ incidents from air onto a plane surface, the reflection 

coefficients are described with the magnitudes R_m and the phase shifts〖 φ〗_m as r_m=R_m 

e^(iφ_m ), where m∈{s,p} pertaining to TE (s-wave) and TM (p-wave) polarizations 

respectively. Considering a αo-linearly polarized beam with in-phase electric field as 

E=E_0 [■(cosα@sinα )], the explicit expression of the unitless spatial and angular GH 

shifts are [8]: 

𝑘Δ𝐺𝐻 = 𝜔𝑝
𝜕𝜑𝑝

𝜕𝜃
+ 𝜔𝑠

𝜕𝜑𝑠

𝜕𝜃
 ,                              (1 − 1) Θ𝐺𝐻 = − (𝜔𝑝

𝜕𝐿𝑛𝑅𝑝

𝜕𝜃
+ 𝜔𝑠

𝜕𝐿𝑛𝑅𝑠

𝜕𝜃
 ),                 (1 − 2) 

where  𝜔𝑚 =
𝑎𝑚

2𝑅𝑚
2

𝑎𝑠
2𝑅𝑠

2+𝑎𝑝
2𝑅𝑝

2 , 𝑎𝑚  are the electric field components for parallel and perpendicular 

directions and k is the vacuum wave number.  

Fresnel reflection coefficients of light impinging from air to an interface characterized 

by refractive index 𝑛 are given by [1] 

𝑟𝑠(𝜃) =
cos 𝜃 − √𝑛2 − sin2 𝜃

cos 𝜃 + √𝑛2 − sin2 𝜃
                       (2 − 1) 

             GH shift                  IF shift 
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𝑟𝑝(𝜃) =
𝑛2cos 𝜃 − √𝑛2 − sin2 𝜃

𝑛2cos 𝜃 + √𝑛2 − sin2 𝜃
                  (2 − 2) 

for p and s waves respectively, where 𝜃 is the angle of incidence.  Suppose that a layer 

of graphene is coated on the interface. The graphene layer is characterized by the surface 

conductivity 𝜎(𝜔), whose expression can be given in the following dimensionless form [5]     

𝜎(Ω)

𝜎0
= Θ(Ω − 2) + 𝑖 [

4

𝜋Ω
−

1

Ω
ln |

Ω + 2

Ω − 2
|]        (3) 

where 𝜎0 =
𝑒2

4ℏ
 is the universal conductivity of graphene, Ω =

ℏ𝜔

𝜇
 is the dimensionless 

frequency, 𝜇 is the chemical potential and Θ(𝑥) is the Heaviside step function. We take 

the substrate to be a granular composite in which ellipsoidal metal nanoparticles of the 

permittivity 𝜀𝑚 are embedded in the dielectric host of the permittivity 𝜀𝑑 and filling 

fraction of metal nanoparticles in dielectric host is 𝑓 . Ellipsoidal particles (with a, 

b, c to be half the length of the principal axes) can be described by three depolarization 

factors 𝐿𝑥 , 𝐿𝑦 and 𝐿𝑧 which satisfy the sum rule 𝐿𝑥 + 𝐿𝑦 + 𝐿𝑧 = 1. The depolarization factors 

express the force that seeks to restore the initial electron distribution along each of 

the ellipsoid axes. For simplicity, let us consider the ellipsoids generated by the 

rotation of an ellipse around its major or minor axes, which produce prolate or oblate 

spheroids respectively. Due to symmetry axis of these nanoparticles (say z axis), they 

have three proper modes, where two of them are degenerated such that 𝐿𝑥 = 𝐿𝑦 =
1

2
(1 − 𝐿𝑧). 𝐿𝑧 

is a shape dependent parameter defined as follows [9] 

𝐿𝑧 =
1 − 𝜂2

2𝜂3  [ln (
1 + 𝜂

1 − 𝜂
) − 2𝜂]                   (4 − 1) 

𝜂 = √1 − (
𝑎

𝑐
)

2

                                                 (4 − 2) 

for prolate spheroid (𝑐 > 𝑎 = 𝑏), whereas for oblate spheroids (𝑎 = 𝑏 > 𝑐) we have 

𝐿𝑧 =
1 + 𝜂2

𝜂3  [𝜂 − 𝑡𝑎𝑛−1𝜂]                             (5 − 1) 

𝜂 = √(
𝑎

𝑐
)

2

− 1                                                 (5 − 2) 

Here 𝜂 is the eccentricity of ellipsoid. 

The macroscopic properties of a metal–dielectric composite of randomly oriented 

spheroidal particles can be characterized by the effective dielectric response 𝜀𝑒 which 

is obtained by effective medium theory as [10]  

9(1 − 𝑓)
𝜀𝑒 − 𝜀𝑑

2𝜀𝑒 + 𝜀𝑑
+ 𝑓 [

𝜀𝑒 − 𝜀𝑚

𝜀𝑒 + 𝐿𝑧(𝜀𝑚 − 𝜀𝑒)
+ 4 (

𝜀𝑒 − 𝜀𝑚

2𝜀𝑒 + (1 − 𝐿𝑧)(𝜀𝑚 − 𝜀𝑒)
)] = 0                                                          (6) 

The permittivity of metal 𝜀𝑚 is approximated by Drude model 

ε𝑚(𝜔) = ε0 −
𝜔𝑝

2

𝜔2 + 𝑖 𝜔Γ
                                     (7) 

where ε0 represents the contribution from interband transitions. The bulk plasma frequency 

𝜔𝑝 is defined as: 
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  𝜔𝑝 = √
𝑁𝑒2

𝑚∗𝜖0
                                                            (8) 

In this relation N is the density of free electrons at room temperature and e and 𝑚∗ 

indicate charge and effective mass of electron respectively. The damping frequency Γ 

includes bulk frequency and a term due to particle size: 

 Γ =  Γbulk +
A𝑉𝐹

𝑟
                                                       (9) 

Where A is a model-dependent constant whose values have been theoretically justified from 

0.1 to 2, 𝑉𝐹 is the Fermi velocity and r indicates the radius of particle. By adopting 

Fresnel formula (Eqs.2), the reflection coefficients of light from the interface of 

air/graphene-coated metal-dielectric nano-composite can be derived [11]  

𝑟𝑠(𝜃) =
cos 𝜃 − √𝜀𝑚(𝜀𝑒 − 𝜀𝑚sin2 𝜃) − 𝜎(Ω)

cos 𝜃 + √𝜀𝑚(𝜀𝑒 − 𝜀𝑚sin2 𝜃) + 𝜎(Ω)
            (10 − 1) 

𝑟𝑝(𝜃) =
𝜀𝑒cos 𝜃 − √𝜀𝑚(𝜀𝑒 − 𝜀𝑚sin2 𝜃) [1 − 𝜎(Ω) cos 𝜃]

𝜀𝑒cos 𝜃 + √𝜀𝑚(𝜀𝑒 − 𝜀𝑚sin2 𝜃) [1 + 𝜎(Ω) cos 𝜃]
  (10 − 2) 

3. Results and Discussions 

Considering a He-Ne laser (λ=632.8 nm), a series of numerical calculations were performed 

to investigate the reflection shifts off a graphene-coated nanocomposite based on eqs. 

(1) and (10). The dielectric host is taken to be glass with refractive index of n=√(ε_d 

)=1.5 containing randomly oriented spheroidal gold nanoparticles with r=10 nm and 

depolarization factor of〖  L〗_z. The parameters used for gold are ε_0=9.9, 〖 ω〗_p=13×

〖10〗^15 Hz, 〖     γ〗_bulk=1.1×〖10〗^14 Hz, 〖 V〗_F=1.4×〖10〗^6 ms^(-1),  A=2 [11]. 

To exhibit the potentiality of composite in tuning the shifts, we study the case when 

the volume fraction of gold nanoparticles varies in the substrate.  

Fig. 5 shows the reflection shift of a TM wave from composites of various filling factors 

f. 

Fig.2. (a) Spatial and (b) angular GH shifts of TM-wave in graphene-coated composites 

of gold nanoparticles with different filling volumes [(a) L_z=0.5, (b) L_z=0.55]. 

As more particles are embedded in the dielectric, the amount of spatial shift increases 

and the location of deep changes to smaller incident angle simultaneously (Fig. 2(a)).  

Meanwhile, we are able to set the spatial shift to zero by choosing a nearly half-filled 

glass as the substrate (f=0.55) regarding to Fig. 2(b). Same type of behaviour is found 

for the angular shift. To understand the influence of particles' morphology, spatial and 

angular shifts are plotted versus incident angle for diverse depolarization factors in 

Fig.3. 

When the particles are nearly spherical (L_z~0.3) the   lowest amount of negative shift 

is obtained around θ=30°. However, non-spherical particles lead to higher values. Using 
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oblate particles with depolarization factors L_z>0.55, the spatial shift switches to 

positive amounts as seen in Fig. 3(a). 

Finally, to investigate the effect of polarity of light on reflection shifts, a 

comparison between various polarizations is characterized in Fig. 7. We observe that GH 

shifts show distinguished manner depending on polarization. When the polarity of light 

changes from TM to TE (α=0° to α=90°), the spatial shift grows and the deep occurs at 

larger θ. Meanwhile, in this case one needs to approach grazing incident angles in order 

to obtain positive shifts (Fig. 7(b)). Interestingly, the influence of polarity on 

angular shift depends on incident angle and seems adverse for θ>55° i.e. Θ_GH decreases 

slightly in this region. The location of deep in angular shift moves to smaller θ 

accordingly. 

The spatial and angular IF shifts of this system are studied as well and the results are 

available in [11].  

 

Fig.3. (a) Spatial and (b) angular GH shifts of TM-wave in graphene-coated composites 

of gold nanoparticles of different shapes. 

4. Conclusion 

The electrical properties of composite material are closely related to the morphology 

and concentration of the embedded metallic nanostructures. This gives an effective 

conductivity to the graphene-composite system which adds extra degrees of freedom to 

adjustability of reflection shifts. For example, while a graphene-dielectric surface 

enhances reflection shift of only TM wave, it is possible to suppress this shift and 

empower the reflection of TE wave in turn by using a composite with proper features. 

These properties make graphene-composite hybrids suitable for a variety of applications 

including sensitive sensors and optical switching. 
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Fig.4. Reflection shifts as a function of polarization angle. (a) The spatial shift is 

plotted for f=0.1, L_z=0.4, θ=51°. (b) The angular shift is plotted for f=0.1, L_z=0.55 

at three different radiation angles θ=40°,θ=55°,θ=70°. 
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