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Abstract 
The artificial black hole has the name “Black Hole”, although the size of the 
“Mini”, but any passing electromagnetic wave or light, it is impossible to es-
cape its gravity. Based on the theory of artificial black holes, it is possible to 
design wave absorbing materials with excellent performance. In this paper 
analyzes the trajectory equation of light rays in black holes using the Hamil-
ton principle. In the last chapter of the article, the feasibility of the theory in 
this paper is verified by using Matlab numerical simulation to give ray tracing 
scenarios under different refractive indices. 
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1. Introduction 

Black hole is a kind of celestial body with huge density inferred from theory and 
observation, which usually exists in all galaxies of the universe. In the 1980s, 
Professor William Anlu of Canada proposed that the performance of sound 
waves in a fluid is very similar to that of light in a black hole. If the speed of the 
fluid exceeds the speed of sound, then a “artificial black hole” of sound pheno-
mena can be established in the fluid. With the invention of the Large Hadron 
Collider, physicists believe that these accelerators are likely to produce 
high-density materials similar to black holes, and “artificial black holes” may 
even threaten the safety of the earth [1].  
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The particle accelerator, also known as the Large Hadron Collider (LHC), was 
built by the European Center for Nuclear Research (CERN) in a circular tunnel 
nearly 27 kilometers long, and is known as the world’s largest “black hole facto-
ry” device. At 15:30 pm, on September 10, 2008, Beijing Time officially began to 
operate, becoming the largest particle accelerator facility in the world. Since 
then, scientists can theoretically produce a black hole in a second. 

Each coaxial ring is formed in the form of circuit boards with different struc-
tures, and the coaxial rings are connected with each other, so its dielectric con-
stant is very smooth. The outer 40 coaxial rings form the shell, and the inner 20 
coaxial rings form the absorber. When the incident electromagnetic wave strikes 
the equipment, the electromagnetic wave will be induced into the inner coaxial 
ring and then absorbed. The coaxial ring will convert the absorbed light into 
heat. “The purpose of the ‘artificial black hole’ in the laboratory is certainly not 
to put an all-consuming ‘devil’ in his pocket. According to Cheng Qiang, the ‘ar-
tificial black hole’ existing in the State Key Laboratory of Millimeter Wave of 
Southeast University is actually a simulation device, which can absorb electro-
magnetic waves in the microwave band. In the future, it can also absorb light. 
But in addition, it can’t absorb anything substantial.” It only absorbs electro-
magnetic waves and does not absorb (physical) substances. 

In reference [2] [3] [4] [5], they study black holes for the linear hyperbolic 
equations describing the wave propagation in the moving medium. Such black 
holes are called artificial since the Lorentz metric associated with the hyperbolic 
equation does not necessary satisfies the Einstein equations. Artificial black 
holes also arise when we consider perturbations of the Einstein equations. 

Applying absorbent materials to various weapons and equipment and military 
facilities such as aircraft, missiles, tanks, ships, warehouses, etc., can absorb re-
connaissance radio waves and attenuate reflected signals, thus breaking through 
the defense area of the enemy radar. This is a powerful means of anti-radar re-
connaissance and a way to reduce the attack of the weapon system by infrared 
guided missiles and laser weapons. In addition, absorbing materials are widely 
used in RFID/NFC, wireless charging and other fields [6] [7] [8] [9] [10]. 

Currently, the study of ray tracing of artificial black holes in electromagnetic 
fields has attracted the attention of many researchers both domestically and in-
ternationally. Some research teams abroad have made some progress in this area 
by designing special artificial structures, such as metal nanostructures or dielec-
tric photonic crystals, to control and guide electromagnetic waves, thus simulat-
ing the absorption characteristics of black holes. These research findings provide 
new ideas for the control and manipulation of electromagnetic waves. 

However, there are still some issues in the current study of artificial black 
holes in electromagnetic fields. Firstly, the design and fabrication of artificial 
black holes require high-precision processing techniques and material processes, 
which are costly and difficult to manufacture. Secondly, for electromagnetic 
waves of different frequencies and wavelengths, the absorption effects of artifi-
cial black holes may vary and require further optimization in design. Addition-
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ally, issues such as energy loss and stability need to be considered in the practical 
application of artificial black holes, presenting challenges that require urgent so-
lutions in current research. Therefore, further in-depth research is needed in the 
future to overcome these issues and achieve more stable and efficient applica-
tions of artificial black holes in electromagnetic fields. 

Therefore, the so-called artificial black hole refers to a special material with 
specific electromagnetic parameters and distribution. When the light is incident 
on the surface of this material, the reflection is very small, and most of the ener-
gy enters the interior of the material and is absorbed. In this paper, based on the 
theory of artificial black hole, we design excellent absorbing materials. 

2. Hamiltonian Function in Artificial Black Hole 

In isotropic nonmagnetic materials, the eikonal equation can be expressed as 

 2 2 .N ε∇Φ = =  (1) 

where N is a constant. Different values of N indicate different absorption of 
light. Without losing generality, we only consider the two-dimensional case, and 
consider the cylindrical coordinate system, we can get 
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so the eikonal equation can be expressed as 
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We can consider establishing a two-dimensional Hamiltonian function as  

 ( )
22

2
1, .
2

r ppH r p
r

ϕ

ε ε

 
= +  

 
 (4) 

At this time, the dielectric constant ε  of the artificial light snow black hole 
satisfies the following equation 
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where R is the radius of the optical black hole. In order to study the internal ray 
trajectory of the artificial black hole more conveniently, without loss of generali-
ty, we select a simple circular medium with axisymmetric distribution to study, 
and the corresponding Hamiltonian function is 
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According to Hamilton’s principle, the following four differential equations 
can be obtained: 
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Using Equations (7) - (10) and combined with the initial condition when t = 
0, we can solve the trajectory equation of light rays in the artificial black hole. In 
general, we can use functions such as ode45 in Matlab to numerically solve the 
ray trajectory. 

Remark 1: The Hamiltonian principle, also known as the principle of least ac-
tion, is a fundamental principle in classical mechanics. It states that in classical 
mechanics, the trajectory of a system is the path that minimizes the action. Ac-
tion describes the properties of a system’s motion over a certain period of time 
and is equal to the integral of the system’s Lagrangian function over that time. 
According to the Hamiltonian principle, the true trajectory of a system among 
all possible paths is the one that minimizes the action, typically resulting in a 
minimum value. This principle is widely applied in the analysis and description 
of classical mechanics and is of great importance for understanding physical 
phenomena in the natural world. 

3. Simulation 

We assume that the parallel light is emitted from the position of x = −3 and 
shines on the structure of an artificial black hole with a radius of 3. Light enters 
the interior of the artificial black hole and is sucked into the center of the black 
hole. Since the refractive index corresponding to the edge of the black hole is 1 
and matches the air, the light at the interface does not deflect. In this paper, the 
cylindrical coordinate system is adopted, so the initial conditions are analyzed in 
the following. 

Figure 1 shows the geometric relationships involved in the determination of 
initial conditions [3]. 
 

 

Figure 1. Schematic diagram of initial conditions. 
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Remark 2: For the sake of analysis, we assume that the parallel light propa-
gates along the plane. In fact, the position from which parallel light is emitted in 
space can be arbitrary, but it can always be moved through the displacement of 
the coordinate axis to place the initial emission position of parallel light at a spe-
cific location on the coordinate plane.  

We assume that the radius of the artificial black hole is R, The polar angle 
corresponding to the incident point is ϕ , then the initial position is  

 ,r R=  (11) 

 arctan .y
x

ϕ  = +  
 

π  (12) 

We use the unit vector in the cylindrical coordinate system and the two ends 
of Formula (2) to carry out the dot product operation, and consider the property 
of gradient, we can get 
 

 

Figure 2. Ray tracing inside an artificial black hole. (a) Refractive index m = 2; (b) Refractive index m = 3; (c) Refractive index m 
= 4; (d) Refractive index m = 5. 
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According to the Formula (1) of the eikonal equation, N∇Φ =  is true, and 
the direction of the gradient is the direction of the light ray. At the same time, 
considering that the refractive index at the edge of the black hole is 1 and the ra-
dius is R, hence 

 cos ,r rP e ϕ= ⋅∇Φ =  (15) 

 sin .P re Rϕ ϕ ϕ= ⋅∇Φ = −  (16) 

Obviously, in the numerical simulation, corresponding to different refractive 
index, the ray tracing scenarios under different conditions will be obtained.  

Without losing generality, we assume that the number of rays is 5. In this pa-
per only gives an example where the refractive index is taken as 2, 3, 4, 5. The 
red line represents the edge of the artificial black hole, and the blue line 
represents incident light.  

From Figure 2, we can see that when the light enters the interior of the artifi-
cial black hole, it rotates around the center in a spiral orbit and finally enters the 
center. Therefore, by arranging the absorbing material at the center of the circle, 
the light can be introduced into the interior of the artificial black hole and ab-
sorbed. 

4. Conclusion 

The theory of artificial electromagnetic black holes is a hot topic in the field of 
physics, mathematics and engineering recently. Based on the theory of artificial 
black holes, this paper studies the Hamiltonian mechanics and canonical equa-
tions in black holes. Through the numerical simulation, we can see that the light 
rays with different refractive indices are absorbed into the interior of the black 
hole. 
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