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Abstract

Invisibility cloaking has attracted a lot of interest from both the general public and the scientific com-
munity because of its possible realization. Here we discuss the first realization of invisibility cloaking
of a macroscopic object in visible light. The underlining mechanism is based on the incorporation
of transformation optics in a conventional optical lens fabrication. A common anisotropic optical
material—calcite—is used. This technique may open up the possibility of taking more transforma-
tion optics devices from concepts into practical applications.

1. Introduction

The most attractive prospect of transformation optics might be the possibility to render an object invisible
by precisely controlling the flow of light around the hidden object, as if the space is empty [1, 2, 3, 4].
The behind mechanism stems from the formal invariance of Maxwell’s equations: a coordination trans-
formation does not change the form of Maxwell’s equations, but only changes the constitutive parameters
and field values. The object can be hidden because it is out of the transformed electromagnetic space.
The possibility of realizing invisibility cloaking in the near future will greatly impact the technology of
the next generation.

A lot of effort has been made in the experimental implementation of invisibility cloaking. However,
there are still several significant limitations that need to be overcome before invisibility cloaks become
practical. The first limitation is the cloaking frequency band. The first cloak working at microwave
frequencies [5] can achieve invisibility only in a very narrow frequency band [2, 6]. By utilizing a
ground plane, it has been proposed that an object sitting on a flat ground plane can be made invisible
at optical frequencies because of the effect of a “carpet” cloak [4]. This “carpet” cloak model has
been implemented in both microwave [7, 12] and infrared frequencies [8, 9, 10, 13], and in both two
dimensional [7, 8, 9, 10] and three dimensional geometry [12, 13]. However, this strategy in the aim of
overcoming the frequency band limitation has caused another serious limitation: it has been shown that
the quasiconformal mapping, based on which the carpet cloak is built, will generally lead to a lateral
shift of the reflected beam, whose value is comparable to the height of the hidden object, and thus makes
the object detectable [14]. The second limitation is the size of the object to be cloaked. Most previous
experiments of optical cloaks were demonstrated under a microscope, cloaking only a small object at
the scale from about one wavelength [8, 9, 10, 13] to about 100 wavelengths [11]. Therefore, it is still a
crucial challenge to “see” the invisibility effect, i. e., to cloak a macroscopic object in visible light.

Most recently, two independent groups reported similar ideas and realization of invisibility cloaking of a
macroscopic object in visible light [15, 16]. In this talk, we will introduce our recent work [15].
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2. Design and Experimental Results

Instead of attacking the difficulty of anisotropy in transformation-based invisibility cloaks, we turned to
solve the other difficulty, inhomogeneity. We built an invisibility cloak that can work at visible frequen-
cies for cloaking large objects. The material that we use is calcite, a commonly used optical material in
lens manufacturing. Utilizing the anisotropy of calcite, we can guide the light in the desired way. Since
calcite is transparent in visible light, the energy loss during the guiding process is minimized.

The experimental setup is shown as in Fig. 1. The cloak is made of two pieces of calcite that were
cemented together along the dotted white line. The dotted yellow arrows indicate their optical axes,
respectively. The angle of each optical axis is specifically tuned according to the transformation optics
design [15]. A steel wedge is hidden underneath the calcite cloak. The whole system is immersed in a
liquid tank filled with a laser oil with refractive index 1.53. A laser beam with the magnetic field parallel
to the horizontal plane is shone on a transmission pattern of an inverted “MIT” that is attached on one
side of the liquid tank. The light transmitted through “M” will go through the calcite cloak with the
wedge hidden underneath. The light transmitted through “IT” will go through the tank and be reflected
on the surface of the mirror without touching the calcite cloak and the hidden wedge. All the letters will
be finally projected onto a CCD camera on the other side of the tank. The experimental result on the
right hand side shows that the camera can image a well-patterned “MIT”, which means that the outside
observer cannot tell whether there is some object sitting on top of the mirror.

We also discussed the influence of incident angles and the color abberation. More details can be found
in [15].
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Fig. 1: Experimental setup of invisibility cloaking of a macroscopic wedge under a calcite cloak in a
liquid tank.

3. Conclusion

In this contribution, we have introduced the design and experimental result of macroscopic invisibility
cloaking in visible light in a liquid environment. This is the first and only experiment so far providing the
shift-free evidence of a target image in presence of the hidden object through a direct imaging method.
Therefore, it is closest to the idealized concept of a cloak—being invisible to the eye.
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