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Abstract 
 

Recently, the science, media and general public received enormous attention 

on artificial materials, metamaterials and plasmonic media, following new 

ideas and proposals on their potential use in a range of applications, such as 

cloaking. Here we review and highlight some of the available solutions for 

invisibility and cloaking, which are based on different frequencies of 

metamaterials and plasmon. We summarize some of the different cloaking 

mechanisms in the literature. 
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1 Introduction 
 

Cloaking metamaterials is the use of metamaterials in a mask of 

invisibility. This is achieved by changing the roads into a different optical 

substance. Metamaterials guide and monitor the distribution and movement 

of specified parts of the light spectrum and display the ability to invisibly 

produce an entity. Based on transformation optics, metamaterial 

cloaking explains the method of hiding things from exposure by 

manipulating electromagnetic radiation [1]. Objects are still present at the 

specified site, but incident waves are directed without being influenced by 

the object itself. 

In 1961, Dollin published a paper defining an inhomogenous and 

anisotropic magnetodielectric system such that a plane wave that falls from  

infinity to the system will pass through it without any reflection. Apparently 
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independent of the early work, a number of papers from Leonhardt, Pendry, 

Greenleaf and others recently identified similar systems. In 1975 as another 

example, Kerker published a paper entitled "Invisible Bodies" a precursor to 

another sequence of recent Alù and Engheta publications on invisible 

systems focused on the cancellation of dispersion. 

Electromagnetic metamaterials react in ways that are difficult to or 

impossible to do with natural materials to selected sections of radiated light 

often known as the electromagnetic spectrum. In other words, these 

metamaterials may also be described as artificially structured composites that 

are typically not found in nature and exhibit interactions with light [2]. At the 

same time, metamaterials may be designed and developed with suitable 

properties that satisfy particular criteria. These materials have been 

artificially engineered and have special geometries and physical properties 

that can control the waves moving through them. Every year, earthquake-

results in huge distributive effects in terms of life and infrastructure such as 

gas pipelines, power plants, airport runways, and dams. Metamaterials can 

perform a variety of futuristic tricks; they can withstand sound waves to 

create transparency, manipulate light to form a cloak for invisibility and 

damp seismic waves to protect a building from earthquakes [3]. 

Researchers at the University of Texas in Austin cloaked a macroscopic 

object in free space in all view angles from the detection in three dimensions. 

The approach works in the electromagnetic spectrum microwave area but is 

generally applicable to much shorter wavelengths [4]. In recent years, work 

on metamaterials for cloaking applications has been at a feverish rate with 

some successes with their own limits. Very few approaches worked for more 

than one incidence angle and angle of view.  

Plasmonic metamaterials are intended to effectively "unwrap" the optical 

effects of the object rather than to guide light and rebuild an image on several 

sides of the cloaked subject. The materials are made of metal and dielectric 

stacks that absorb incoming light and rechanneled it in another form: surface 

plasmons that are exciting and moving around the object then leaving as light 

[5]. Although light consists of an electrical field and a magnetic field, 

ordinary optical materials respond only strongly to the electrical field. The 

magnetic effect is basically non-existent. This just contributes to the most 

extreme optical effects, such as natural refraction and extreme diffraction 

limits in lenses and images [6]. 

An ultra-thin new metamaterial was reported by electrical engineers of 

the University of California, is capable of making UAVs invisible. This new 

material creates invisibility and does not allow enemies to detect an 

electronic, visual signature. The design uses an ultra-thin Teflon substratum, 

covered with ceramic cylinders, which can fix light waves around objects 

that are cloaked. The Teflon has a low refractive index while the refractive 

index of ceramics is higher, a combination that permits light to be dispersed 

through the sheet without absorption. 
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Figure 1 Illustration of the Wave Passing Through A Cloaking Material  

 

Dispersing electromagnetic radiation in the spectrum of the visible 

radiation, infra-red or radar may make the coated material undetectable by 

causing light or radar waves to bypass the surface of the object through the 

coating that effectively cloaks the item [7]. Former ventures based on 

cloaking manufacturing, several layers of material used to cover an item, 

resulting in very thick layers. The new metamaterial is very small and best 

able to conceal three-dimensional objects. Even the coat created would not 

decrease the strength of light as the coating reflects that allows the object to 

stay invisible [8]. This discovery is perfect for the defense and military 

industries. It would provide the military with vital stealth benefits and 

additional safety in war zones and battlefields. The effect of an invisibility 

cloak provides a perfect alternative to cover, which will provide air 

supremacy for the army. Since this cloak has many military uses, it can 

provide a winding effect outside the battlefield that enhances the efficiency 

of other diverse applications [9]. 

The paper is structured in three sections, starting with the introduction in 

section 1, to give a brief idea about the concept. Section 2 discusses the 

details about the cloaking aspects.The study is concluded at last in section 3. 

 

2 Cloaking Techniques  
 

The heated sand is a key to the mirage effect since the steep difference in 

temperature between sand and air bends or refracts light rays. The refraction  

shifts the light rays from the eyes of the spectator rather than from the earth. 

This influence allows the sky to appear on the earth as a puddle, which the 

brain interprets as a water bowl, in a typical illustration of a desert mirage.  
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The same effect is visible on hot roads with remote sections of the road 

glowing with pooled water [10]. Researchers also used carbon nanotubes, 

carbon sheets enclosed in cylindrical pipes for cloaking effects.  Each paper 

is only as dense as a single molecule, but it is as solid as steel since carbon 

atoms are closely bonded in each tube. These sheets are also excellent heaters 

and perfect mirage builders. In the experiment, the researchers electrically 

heated the pads and carried the heat to the surroundings [11]. As one can see 

from the photos, light bows away from the carbon nanotube layer, shielding 

everything behind it with invisibility. 

 
 

Figure 2 Cloaking Through Metamaterial 

 

Metamaterials have a more convincing view of invisibility technologies 

without multiple camera and projection systems. These little artificial 

devices, first invented in 1967 by the Russian physicist Victor Veselago, are 

smaller than the wavelengths of light and have negative electromagnetic 

properties that influence the interaction between an object and 

electromagnetic fields [12]. The positive refractive index of natural materials 

is determined by how light waves interact with them. Refractivity is partially 

caused by chemical composition, but the inner structure plays a greater role. 

If one alters the composition of a substance on a sufficiently small scale, it 

will alter how the incoming waves refract – also inducing a change from a 

positive to a negative refractive. If something can redirect the waves around 

an entity, you can conceal it from vision or sound. In 2006, David Smith took  

on a previous idea by English theoretical physicist John Pendry and used it to 

construct a metamaterial that could distort microwave flows [13]. The 

metamaterial design of Smith is composed of condensed rings containing 

microwave electronic distorters [14]. They direct frequency-specific  
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microwaves through the central part of the material when triggered. 

Obviously, people do not see the microwave spectrum, but science has 

proven that energy waves can be guided through an entity. 

In natural conditions, the standard action is either absorption or 

reflection, whenever something is showered with some substance with the 

light of every wavelength. If the light is reflected, all intervening light and 

signals will be blurred to alert the presence [15]. If the light is absorbed, any 

pulse sent out from the object will be mirrored back, lighting the target and 

allowing you to directly view it. Although stealth technology minimizes 

reflection, a real "cloaking system" would diversify the light surrounding an 

object from all angles, so that everyone would see the background signals 

from anywhere as the object cloaked was not there at all. 

A special multi-layered coating has been created from a product known 

as a metamaterial, which allows electromagnetic radiation to flow freely 

through an object. This is distinct from clarity, where light travels through a 

material; the arrangement of the metamaterial directs an object by light and 

takes it in the same direction that it came [16]. Transformation optics science 

helped us to map an electromagnetic field on a twistable, space like a grid; 

the field can be totally obscured when the grid is twisted and an interior point 

can be totally concealed in the right configuration [17]. By bending the right 

amount of light and then by unbending it, objects may be coated with unique 

wavelengths of light. 

The study of metalenses is also linked to metamaterials. Many natural 

materials that can be used to create a lens have the same dispersive property 

as a prism: light slows down as you pass through it. But light from different 

wavelengths slows down by different quantities; this is why as light hits a 

medium, red light travels at different speeds than blue light, thus a rainbow 

effect will appear. Coatings can be added to carefully formed lenses to 

attempt to mitigate this chromatic aberration effect, but in some manner, it is 

still present [18]. Modern cameras use multiple lenses as much as possible to 

remove chromatic aberration but it is heavy, cumbersome, costly and 

not perfectly effective. 

The ability to manipulate light with materials since the advent of optical 

research has been limited to these popular optical effects. On the other hand, 

metamaterials may interact very strongly or combine with the magnetic 

portion of light. The spectrum of reaction to radiated light is then extended 

beyond the usual optical limits that physical optics and optical physics 

sciences define [19]. Moreover, all magnetic and electrical constituents of the 

radiated light can be regulated by any desired means as artificially designed 

structures pass through the material or more precisely spread. Since the 

action of a metamaterial normally consists of individual components and 

each component responds to a radiated spectrum of light independently. 

However, metamaterials are constrained at this time. It has not been practical 

to reach a full range of levels, including the visible spectrum. Dissipation,  
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absorption and dispersion are all existing disadvantages, but the researchers 

are still active in this area.    

Electromagnetic cloaking is a mechanism that makes an object in a 

certain frequency spectrum "invisible" to electromagnetic radiation. Of 

instance, the most interesting uses for cloaks in the visible portion of the 

continuum can be envisaged. An object is invisible if it does not mirror 

waves back to the source and does not disperse waves in another direction 

and does not produce any shadow [20]. It follows from these conditions that 

no power should be consumed by the item. In other words, the target does 

not disrupt the fields outside of the target. 

In the theory of electromagnetic wave dispersion cloaking an object 

means reducing the total scattering cross-section preferably to zero as the 

total dispersion cross-section is defined as the ratio of the total distributed 

power to the power density of incidents [21]. On the other hand, stealth 

technology is totally different. stealth systems reduce the overall radar cross-

section. This can be achieved by either shielding an object with an absorbing 

film or shaping the object, to minimize the area scattered in the direction of 

light [22]. 

The quasi-conformal mapping can be seen to minimize anisotropy in the 

translation of a two-dimensional coordinate. Li and Pendry have 

demonstrated that some types of transition media can be accomplished using 

dielectric-only materials and with very realistic permittivity values by an 

optimization process. These transitions can be carried out at detectable 

frequencies in a broadband manner. As a by-product, the resultant media's 

incredibly poor anisotropy can be ignored, which results in isotropic graded-

index cloaks. They explained that this principle could be extended for 

example, by covering the bump with a carpet cloak, known as a ground plane 

cloak to make a mirror with a bump appear fully smooth.  

In recent literature the idea of invisibility has been closely linked to the 

cloak; invisibility means a decline in the overall dispersal cross-section of a 

single object. For instance, cancellation of radiation from the induced dipole 

moments of the scattered is possible by adding another entity, in which 

dipole moments in the opposite direction are induced. The fusion of both 

objects thus disperses relatively little, while the two objects propagate 

significantly individually. Any invisible constructs may also be used as coats 

where the thing to be rendered invisible is a hollow enclosure. 

 

3 Conclusion 
 

Invisible objects are no longer the fantasy, but a rapidly changing 

science. 'Invisibility cloaks' are now present, using metamaterials – materials 

which are designed to bend the light rays around an object to make it 

undetected – and are being used to improve the performance of satellite 

antennas and sensors. However, many of the proposed metamaterials only  
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work in limited wavelength ranges, like microwave frequencies. The 

artificial framework for cloak applications is a gate configuration of similar 

elements – a sequentially repeatable network. In comparison, these 

compounds are similar to crystals for optics in the case of microwave 

frequencies. A metamaterial often consists of a series of elements and 

wavelengths far smaller than the chosen light wavelength. The wavelength 

identified may be radio frequency, microwave or other radiations, which now 

only tend to enter detectable levels. The macroscopic property can be 

managed directly by changing the rudimentary entity characteristics and 

organizing them on or in the material. These metamaterials also form a base 

for the development of very small coating systems that are adaptable to a 

wide range of radiated light in expectation of larger devices. 
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