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Abstract 

This work presents a detailed comparative study of single-core and concentric double-core optical fibers, highlighting their 

potential advantages for telecommunication applications. Using theoretical and numerical analysis, we examine key parameters 

including numerical aperture, acceptance angle, V-number, mode capacity, guided power fraction, and radial profiles of the 

fundamental mode. The double-core fiber exhibits a higher numerical aperture of 0.095 and an acceptance angle of 27.1°, 

compared to 0.078 and 19.6° for the single-core fiber, enabling more efficient light capture. The normalized frequency parameter 

(V-number) increases from 6.37 in the single-core fiber to 10.4 in the double-core design, resulting in a total of 54 guided modes 

versus 20 in the single-core fiber. Radial analysis shows that the fundamental mode is primarily confined within the inner core, 

with partial extension into the outer core. This distribution facilitates controlled modal coupling and flexible power management, 

which can be beneficial for multimode transmission or high-power applications. Although the guided power fraction remains 

100% in both fiber types, the dual-core structure significantly reduces mode leakage and enhances confinement efficiency, 

highlighting its potential for robust signal transmission. The comparative results suggest that concentric double-core fibers 

provide a practical approach to increasing mode diversity and improving light confinement without introducing excessive 

complexity in fiber fabrication. The dual-core design also aligns with the requirements of advanced telecommunication strategies 

such as space-division multiplexing, where efficient distribution of multiple spatial channels is essential. Moreover, the dual-core 

architecture serves as a foundation for further optimization, including tailored core spacing, refractive index engineering, and 

controlled inter-core coupling, to maximize transmission capacity and signal stability. Overall, the findings demonstrate that 

double-core fibers offer clear advantages in terms of mode management, power confinement, and flexibility for high-capacity 

optical systems. These results provide valuable insights for future experimental studies and the development of next-generation 

multimode and high-performance fiber designs. 
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1. Introduction 

The Optical fiber is a type of cable used to transmit infor-

mation at high speed over long distances. Unlike traditional 

copper cables, which use electrical signals, fiber optics use 

light to transmit data. Thanks to its ability to carry large 

http://www.sciencepg.com/journal/ajist
http://www.sciencepg.com/journal/526/archive/5260904
https://orcid.org/0009-0003-8089-172X
http://www.sciencepg.com


American Journal of Information Science and Technology http://www.sciencepg.com/journal/ajist 

 

299 

amounts of data and its resistance to disturbances, it is widely 

used in telecommunications networks and plays an essential 

role in our modern connectivity. 

While single-core fibers are well-studied, a two-core fiber 

could offer potential advantages such as better power man-

agement, improved mode confinement, and reduced inter-

ference. [1, 2] In this work, we study a concentric dual-core 

fiber and compare it to a conventional single-core fiber using 

theoretical and numerical modeling. [3, 4] 

2. Mathematical Modeling of the Fiber 

The initial idea regarding the use of optical fibers in tele-

communications is to take advantage of the phenomenon of 

total internal reflection to confine light within a glass fiber 

with a very good transmission coefficient and thus transmit 

information over long distances. [5] 

 
Figure 1. Propagation of beams in an optical fiber. 

2.1. Refractive Index Profile 

The refractive index profile describes the variation of the 

refractive index n of an optical medium as a function of posi-

tion.[5] 

For a single-core fiber: 

𝑛(𝑟) = {
𝑛𝑐𝑜𝑟𝑒 , 𝑟 ≤ 𝑎
𝑛𝑔𝑎𝑖𝑛𝑒 , 𝑟 > 𝑎             (1) 

𝑛𝑐𝑜𝑟𝑒: refractive index of core 

𝑛𝑔𝑎𝑖𝑛𝑒: refractive index of cladding 

2.2. Numerical Aperture and Acceptance Angle 

The Numerical Aperture (NA) is the maximum angle at 

which a light ray can enter an optical fiber (or a waveguide) 

and still be guided by total internal reflection. [6, 7] 

The numerical aperture (NA) is defined by the following 

formula: 

𝑁𝐴 = √𝑛𝑐𝑜𝑟𝑒
2 − 𝑛𝑔𝑎𝑖𝑛𝑒

2              (2) 

𝜃𝑚𝑎𝑥 = arcsin⁡(𝑁𝐴)                (3) 

𝑁𝐴: numerical aperture (NA) 

2.3. Normalized Parameter V and Mode 

Number 

The normalized frequency parameter 𝑉 is: 

𝑉 =
2𝜋𝑎

𝜆
. 𝑁𝐴              (4) 

𝑉: Normalized frequency parameter 

𝑎: Core radius of the optical fiber 

𝜆: Wavelength of the light in free space 

𝑁𝐴: Numerical aperture of the fiber 

And the approximate number of guided modes for a circu-

lar fiber is: 

𝑀 ≈
𝑉2

2
                (5) 

𝑀: Approximate number of guided modes in a circular 

optical fiber 

𝑉: Normalized frequency parameter (V-number) 

2.4. Guided Power Fraction 

The guided power fraction is calculated as the ratio of the 

power confined within the core (s): 

Guided⁡ power⁡ fraction⁡ =
𝑁𝑔

𝑁
× 100%        (6) 

𝑁𝑔: Number of rays (or power) guided in the core 

𝑁: Total number of rays (or total power) launched into the 

fiber 

3. Materials and Methods 

Designing a dual-core fiber requires selecting materials 

with a controlled difference in refractive index between the 

core and cladding regions. To achieve this, we will implement 

the presence of two cores in the mathematical modeling of the 

fiber and then simulate the results in MATLAB. [8] 

3.1 Refractive Index Profile of the Dual-Core 

Fiber 

By implementing the presence of two cores in the refractive 

index profile, we obtain the dual-core fiber: 

For a concentric dual-core fiber: 

𝑛(𝑟) = {

𝑛1𝑎⁡ ⁡ 0 ≤ 𝑟 ≤ 𝑟0⁡ (𝐼𝑛𝑛𝑒𝑟⁡ 𝑐𝑜𝑟𝑒)
𝑛1𝑏⁡ 𝑟0 ≤ 𝑟 ≤ 𝑟1⁡ (𝑜𝑢𝑡𝑒𝑟⁡ 𝑐𝑜𝑟𝑒)

𝑛2⁡ 𝑟0 ⁡ ≤ 𝑟 ≤ 𝑟1⁡ (cladding)
       (7) 

According to this modeling, we will thus have two cores 

represented by 𝑛1𝑎⁡  and 𝑛1𝑏. 
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3.2. Numerical Aperture and Acceptance Angle 

of the Dual-Core Fiber 

In the case of the numerical aperture: 

𝑁𝐴 = √𝑛1𝑎
2 − 𝑛2

2               (8) 

𝑁𝐴𝑜𝑢𝑡𝑒𝑟 = √𝑛1𝑏
2 − 𝑛2

2             (9) 

𝑁𝐴: aperture of the inner core 

𝑁𝐴𝑜𝑢𝑡𝑒𝑟: Numerical aperture of the outer core 

𝑛1𝑎: Refractive index of the inner core 

𝑛1𝑏: Refractive index of the outer core 

𝑛2 : Refractive index of the cladding 

The dual-core fiber exhibits a slightly higher numerical 

aperture (inner core) and a wider acceptance angle, allowing 

more rays to be guided. 

3.3. Normalized Parameter V and Mode 

Calculation for the Dual-Core Fiber 

For the dual-core fiber, the total number of modes is esti-

mated by:[7] 

𝑀𝑡𝑜𝑡𝑎𝑙 ≈
𝑉𝑖𝑛𝑛𝑒𝑟
2

2
+

𝑉𝑜𝑢𝑡𝑒𝑟
2

2
           (10) 

𝑀𝑡𝑜𝑡𝑎𝑙: Total number of modes 

𝑉𝑖𝑛𝑛𝑒𝑟  and 𝑉𝑜𝑢𝑡𝑒𝑟 : are the normalized frequencies 

(V-numbers) of the inner and outer cores, respectively. 

The V-number and the number of guided modes is higher in 

the dual-core fiber due to the contribution of both cores. At the 

outer core, additional modes are supported, improving the 

overall light confinement. 

3.4. Guided Power Fraction 

The guided fraction for the case of our double-core fiber is 

defined as: 𝑁  is the total number of rays, and 𝑁𝑔  is the 

number of rays satisfying the guiding condition. 

Guided⁡ power⁡ fraction⁡ =
𝑁𝑔

𝑁
         (11) 

The guiding condition is satisfied when the free-space 

wavenumber, 𝑛(𝑟) is the refractive index profile of the fiber, 

and 𝛽 is the propagation constant of the mode. 

𝑘0
2𝑛2(𝑟) − 𝛽2 > 0             (12) 

𝑘0: free-space wavenumber. 

𝑛(𝑟): refractive index profile 

𝛽: propagation constant 

According to this modeling, the double-core fiber guides a 

higher fraction of the input power. The power distribution is 

concentrated in the inner core, but the outer core also carries a 

significant amount of power. 

3.5. Simulation Method 

The numerical simulations were performed using 

MATLAB. The parameters used are: 

Table 1. Simulation Parameters of the Double-Core Optical Fiber. 

Parameter Single-Core Double-Core 

Core index 1.48 1.485 / 1.460 

Cladding index 1.45 1.44 

Core radius 4 µm 4 µm / 8 µm 

Wavelength 1.55 µm 1.55 µm 

The objective is to trace 50 rays randomly initialized within 

the acceptance angle for each fiber. This allows for a com-

parison between the current single-core fiber and our dou-

ble-core fiber prototype.[8] 

4. Results 

In this study, we compare the key characteristics of sin-

gle-core and double-core optical fibers in terms of acceptance 

angle, number of modes, guided power, and radial profile. 

The objective is to assess how the fiber structure influences its 

guiding properties. 

Table 2. result of parameter in simple and dual core fiber. 

Parameter Simple core fiber dual-core fiber 

Acceptance angle [°] 19.6 27.1 

Guided power [%] 100 100 

V-number 6.37 10.4 

Number of modes 20 54 

The following result represents the comparison of the radial 

profile of our dual-core fiber with that of the single-core fiber. 
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Figure 2. Comparison of the radial profile of a dual-core fiber. 

The figure 3 illustrates the comparison between the radial 

profile of a dual-core fiber and that of a single-core fiber. 

 
Figure 3. Comparatif du profil radial des fibres à simple cœur et à 

double cœur. 

The last figure shows the comparison of the parameters of 

our dual-core fiber with those of the single-core fiber. 

 
Figure 4. Comparison of the main parameters between the two 

modeling approaches. 

5. Discussion 

5.1. Radial Profiles and Fundamental Mode 

The radial profiles of the refractive index 𝑛(𝑟) and the 

normalized electric field 𝐸(𝑟) reveal clear differences be-

tween single core and double core fibers. In the single core 

fiber, the core shows a uniform refractive index, and the 

fundamental mode is tightly confined along the fiber axis, 

guiding essentially a single mode [3, 11]. In the double-core 

fiber, the refractive index shows two distinct steps, corre-

sponding to the inner and outer cores [4]. The fundamental 

mode is mainly confined in the inner core but partially ex-

tends toward the outer core, allowing controlled mode 

spreading and potential inter-core coupling [6, 7]. 

5.2. Guiding Properties and Modal Analysis 

The double-core fiber has a higher numerical aperture and 

a wider acceptance angle, which improves light confinement 

[3]. The total number of supported modes increases from 20 

in the single-core fiber to 54 in the double-core fiber, show-

ing enhanced modal diversity [4]. This increase aligns with 

the behavior predicted for multilayer optical waveguides, 

where additional cores raise the V-number and support more 

modes [6, 7]. 

5.3. Light Confinement and Performance 

Implications 

The dual-core design allows more efficient power distri-

bution, reducing leakage and enhancing confinement effi-

ciency [3, 10]. Compared to single-core fibers, this architec-

ture provides a practical balance between ease of fabrication 

and optical performance [4]. Better confinement is particu-

larly advantageous for high-power or nonlinear fiber systems, 

where light leakage can significantly impact efficiency [12]. 

Similar studies on dual-core and multilayered fibers confirm 

that such structures improve mode control and guided power 

[13]. 

5.4. Applications in Optical Communication 

These findings are relevant for advanced optical commu-

nication strategies, such as space-division multiplexing 

(SDM), which rely on multiple spatial channels to increase 

transmission capacity [14]. Concentric dual-core fibers pro-

vide effective power distribution and reduced intermodal 

interference, offering a simpler alternative to complex SDM 

fibers while achieving comparable performance [15]. 

5.5 Validation and Future Work 

The trends observed in guided power and mode distribu-

tion are consistent with theoretical predictions and prior 

http://www.sciencepg.com/journal/ajist


American Journal of Information Science and Technology http://www.sciencepg.com/journal/ajist 

 

302 

studies, confirming the advantages of dual-core fibers in 

mode management and overall performance [8, 9]. These 

results lay the groundwork for experimental validation and 

development of high-capacity multimode fiber systems [12, 

13]. Future research could focus on optimizing core spacing, 

tailoring refractive index profiles, and exploring inter-core 

coupling effects to further enhance transmission efficiency, 

signal stability, and potential sensing applications [14, 15]. 

6. Conclusion 

The comparative study of single-core and concentric dou-

ble-core optical fibers demonstrates the clear advantages of 

the dual-core structure in terms of light guidance, mode ca-

pacity, and power distribution. The double-core fiber exhibits 

a higher numerical aperture and acceptance angle, which 

enhances light capture and reduces mode leakage. The 

V-number and total number of guided modes are significantly 

higher in the dual-core fiber, increasing from 20 to 54 modes, 

thereby providing greater modal diversity and supporting 

more complex signal transmission schemes. 

Radial analysis of the refractive index and fundamental 

mode reveals that most light is confined within the inner 

core, while the outer core facilitates controlled modal 

coupling. This feature allows for improved confinement 

efficiency and more flexible power management, which 

can be particularly advantageous for high-power or mul-

timode applications. The dual-core design thus represents 

a balance between fabrication simplicity and enhanced 

optical performance, offering an intermediate solution 

between conventional single-core fibers and more com-

plex microstructured or photonic crystal fibers. 

These findings have important implications for modern 

telecommunication strategies, including space-division mul-

tiplexing, where efficient management of multiple spatial 

channels is essential. The dual-core architecture can improve 

signal stability, reduce intermodal interference, and optimize 

power distribution across the fiber. Furthermore, the results 

provide a foundation for future research on experimental 

validation, optimization of core spacing, refractive index 

engineering, and coupling effects to further enhance fiber 

performance. 

Concentric double-core fibers offer significant improvements 

over single-core designs in terms of mode confinement, guided 

power distribution, and modal capacity. Their structural versatil-

ity and enhanced performance make them a promising candi-

date for next-generation high-capacity optical communication 

systems and multimode fiber applications. 
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