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A B S T R A C T   

Received field expression of Airyprime beam in uniaxial crystal is derived analytically. Received 
field contains parabolic cylinder function which is a solution of Helmholtz euqtion in parabolic 
coordinates. Variations of intensity profile at the output plane is investigated considering source 
size, ratio of ordinary and extra-ordinary refractive indexes, and propagation length. It is seen 
that all selected beams take the shape of flat-topped beam. Beam having larger source size take its 
final shape at longer distance than smaller beams. Results of this study will be benefical for laser 
modulators, beam shaping, and laser applications.   

1. Introduction 

Recently, Airyprime beam takes place in literature [1] examinig its propagation features in free space. Truncated beam is obtained 
from the original case [2]. Besides this, focusing properties of circular Airyprime beam is investigated [3]. 

In other respects, effects of free space, atmospheric, oceanic, and biological turbulence, and uniaxial crystals on untraditional beam 
types are studied by scientists. Belonging to the same beam family, acceleration of airy beam along the optical axis is directly pro
portional to ratio of refractive indexes [4]. Similarly, intensity profiles of Airy-Gaussian beam in uniaxial crystal are plotted in [5]. It is 
stated [6] that autofocusing behaviour of circular Airy beam is observed when length of crystal is long enough. Effect of vortexity for 
Airy Gaussian vortex beams is studied in [7]. Focusing point shifts away when topological charge increases if radial polarization is 
applied to the same beam [8]. In addition to intensity profiles and acceleration of beam, phase structure of cosh-Airy beams is also 
analyzed [9]. Diffusion velocities in transverse plane become different if Airy-Hermite-Gaussian beam passes through the uniaxial 
cystal [10]. Received beam size for off-axis hollow vortex Gaussian beam in uniaxial crystal can be determined by controlling the 
refractive indexes of crystal [11]. Random electromagnetic multi-Gaussian Schell-model vortex beams turns into flat-topped beam 
after propagation [12]. If flat-topped beam is used on the source plane, elliptical dark hollow beam is obtained after propagation [13]. 

Furthermore, propagation properties of untraditional beams are also studied. Intensity profile of radially polarized Pearcey beam is 
shown for different conditions [14]. Self imaging property of Laguerre and Bessel beam combination is discussed in [15]. Similarly, 
radially polarized Laguerre-Gaussian corraleted schell model beam turns into an elliptic shape after propagation [16]. As compared to 
Hermite-cosine Gauss beam at the source, output beam after crystal losses its symmetry as it is stated in [17]. Flat topped beam can be 
obtained if higher order cosh-Gaussian beam is used in the input of the crystal [18]. It is concluded that four petal Lorentz-Gauss beam 
gives elliptic Gaussian-like beam after propagation [19]. Similar behavior is observed in partially cohererent case of the same beam 
[20]. 

In this study, we derived the received field of Airyprime beam propagating through uniaxial crystal. Intensity profiles are detaily 
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analyzed depending on the changes in source beam size, ordinary and extra-ordinary refractive indexes, and propagation length. 
Orientation of this article involves analytical derivation in section 2, discussion of numerical results in section 3, and concluding 

remarks in section 4 conclusion. 

2. Analytical derivation of propagation in uniaxial crystal for Airyprime beam 

We use cartesian coordinate system in this study. z-axis indicates the propagation axis and source beam is placed to z = 0. 
Transverse source plane coordinates are defined as x0 and y0. Received field after distance z is measured over the transverse co
ordinates x and y. Dielectric tensor of uniaxial crystal is taken as 

ε =

⎡
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Where n0 and ne indicate ordinary and extraordinary refractive indexes of uniaxial crystal. Since there is no y polarization, source 
electric field expression of Airyprime beam is written as 
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where x0, y0 are the source plane coordinates and αsx and αsy refer to Gaussian beam widths over x and y directions respectively. 
Received field in uniaxial crystal is evaluated using Eq. 3 and 4 below [21] 

Ex(x, y, z) = exp(jknez)
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Ey(x, y, z) = exp(jkn0z)
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where kx, ky coordinates in frequency domain, n0 and ne are ordinary and extra-ordinary refractive indexes. Applying Fourier trans
form, Ẽa(kx, ky) can be calculated by 

Ẽa(kx, ky) =
1

(2π)2
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(5)  

Where subscript a stands for x and y respectively. Since y component of source field is zero in our case, only x component will be taken 
into account. After re-organization of Eq. 3–5, received field of x component is written as 
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We will benefit from the relationship between the source field expression with other special functions to solve Eq. 6. For this 
purpose, Airyprime function can be written as 

Ai’(x) = −
x
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2
3
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where Kv refers to imaginary argument of vth order modified Bessel function. Utilizing 8.407 in [22] 

Kv(x) =
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where H(1)
v denotes vth order Hankel function of first kind. Similarly, application of 8.466 in [22] yields us 
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Combining Eqs. 7,8, and 9, Airyprime expression can be obtained as 
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Similarly, we have 

Ai’(x)Ai’(− x) = 6.4x10− 53
π exp(j2π/3)x− 1 (11) 

Finally, received field can be evaluated via 
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For simplicity, Eq. 12 yields 

Ex(x, y, z) =
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where 
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At this point, convolution property of Fourier transform is used [22] 

U(x, z) = [f1(τ) ⊗ f2(τ)] (15)  
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Where F− 1 refers to Fourier transform, F1,2(ξ) correspond to Fourier transform of f1,2(τ) and convolution operation is known as 
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∫∞

− ∞

f1(ξ)f2(ξ)exp(− jξτ)dξ (18) 

Then, Fourier transform of each sub function brings us 
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Using results of Eq. 19,U(x, z) is re-organized as 
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Inverse Fourier transform is evaluated using 
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In the end, U(x, z) is written as 
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Similarly, re-organized form of U(y, z) gives us 

U(y, z) = jπ
̅̅̅̅̅̅̅
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Applying the same approach in Eq. 21, we reach to 
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As a result, received field is written as in Eq. 25 
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3. Numerical results and discussions 

In this section of the article, results are plotted numerically and comments on them are made. Results are plotted for the different 
distances z = 1.77m, z = 2.97m, and z = 4.1m named as short, mid, and long distances respectively. These distances are selected 
according to the Rayleigh distance of the first source size setting where αsx = αsy = 0.1mm case. Short, mid, and long distances are 
evaluating Rayleigh range with 3, 5, and 10 respectively. Moreover, variation of refractive index ratio e = ne/n0 is also taken into 
account. 

For the short propagation distance, intensity profile of small source size symmetric Airyprime beam is shown in Fig. 1. We see that. 
Flatness attracts the attention on the top and the bottom of the intensity profiles. We see that beam at the output plane looks like flat- 
topped beam for large refractive index ratio. Output beam turns into hollowness shape in the origin when e = 1.1 and1.7. When small 
refractive index ratio is considered, intensity in the hollow reaches to zero. On the other hand, beam has higher intensity while e = 1.7. 
For the same source plane settings, all beams turn into a flat-topped shape as the propagation distance increases in Fig. 2. We see also 
that output beam has smaller width for the refractive index ratio selected as in the middle. 

As it is seen from Fig. 3, all beams have flat-topped view. Besides this, source beam diverges more for e = 1.7. 
Figs. 4–6 show the intensity profiles of Airyprime beam having asymmetrical source sizes as αsx = 0.2mm and αsy = 0.1mm. As 

compared to the symmetric case in Fig. 1, intensity profile of output beam passing through uniaxial crystal has slight hollow when 
large refractive index ratio e = 2. For smaller ratios, normalized intensity profiles show similar distribution to each other with flat- 
topped shape. 

When the distance is increased as shown in Fig. 5, hollow of beam propagation under condition of large e becomes deeper. In 
addition, other beams start to leave from each other. Beam propagating through small refractive index ration diverges less comparing 
with the beam propagating through e = 1.7. 

Finally, hollowness shape turns into a flat-topped shape when propagation distance increased as in Fig. 6. Similarly, output beam 
from e = 1.1 protects its shape. In this case, output beam which is propagated through the setting where e = 1.7 evolves into a hol
lowness shape. Differently, a flat peak occurs in the bottom of the hollow. 

Figs. 7–9 present normalized intensity distribution on the output plane if Airyprime beam having large source size on the source 
plane. At close distances, flat-topped shape starts to occur for all cases of e. Hollow at zero level is seen for small and large e values. This 
hollow has nearly half of the peak intensity when e = 1.7 as it is seen from Fig. 7. 

With the increase in propagation distance as in Fig. 8, small and large e values bring us flat-topped shape. On the other hand, 
selected e value in the middle provides hollow in the origin. 

In the end of the propagation, all beams have the same intensity profiles. They all have the same width while received beam after 
crystal with setting e = 1.7 has a slight more beam width. 

Fig. 1. Normalized intensity distribution of Airyprime beam when αsx = αsy = 0.1mm and z = 1.77m.  
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4. Conclusion 

Consequently, we have derived received field of Airyprime beam after propagation through uniaxial crystals. Dependence on 
source beam size, propagation distance, and refractive index ratios of the crystal is investigated. In the light of these, all selected beams 
will have a flat-topped shape after propagation. Beams having larger source size turns into final shape further comparing with smaller 
cases. We believe that outputs of this study will be useful for laser modulators and other laser applications. 

Fig. 2. Normalized intensity distribution of Airyprime beam when αsx = αsy = 0.1mm and z = 2.97m.  

Fig. 3. Normalized intensity distribution of Airyprime beam when αsx = αsy = 0.1mm and z = 4.1m.  

Fig. 4. Normalized intensity distribution of Airyprime beam when αsx = 0.2mm, αsy = 0.1mm and.  

Fig. 5. Normalized intensity distribution of Airyprime beam when αsx = 0.2mm, αsy = 0.1mm and.  
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