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 Owing to recent development of experimental techniques in quantum electronics, it 
has been possible to change the speed of light dramatically in a medium. The speed of 
light, which is c=300,000km/m in a vacuum, can be reduced to less than the speed of 
car. Moreover, one can momentarily stop the light pulse in the medium. The process 
conserves not only the shape of the pulse, but also the quantum property of the light. 
The slow light and stopped light has been attracting attentions from many 
researchers, because they have a lot of applications such as storage of non-classical 
light, extremely large nonlinearity, and so on.  
 Before the discussion of the slow light, we have to clarify the definition of the speed. 
Group velocity is appropriate to represent the propagation speed of wavepackets, 
because it describes the propagation speed of the pulse envelope. The group velocity in 
a medium depends on the refractive index n and its frequency derivative dn/dω. In the 
medium whose refractive index decreases rapidly with respect to the frequency, the 
group velocity becomes larger than c. (Some textbooks describe that superluminal 
group velocity is forbidden, but it is not true.) If the refractive index increases rapidly 
with the frequency, the group velocity becomes extremely small. Hence, we have to 
manage the profile of the refractive index in order to control the group velocity. 
 Extremely small group velocity can be realized by utilizing electromagnetically 
induced transparency (EIT), which is a method to nullify absorption of a probe laser 
using an auxiliary laser called a control laser. The disappearance of the absorption 
takes place in a narrow frequency region called an EIT window. The refractive index 
is closely related to the absorption, so the refractive index as well as the absorption 
varies significantly in the EIT window. When the spectrum of the light pulse is 
restricted in the EIT windows, the pulse travels at extremely small group velocity 
without any absorption. Professor Hau and her co-workers successfully reduced the 
group velocity to 17m/s in a laser-cooled atomic gas in 1999. The group velocity in the 
EIT medium is a function of the intensity of the control laser, and it is possible to stop 
the light pulse in the EIT medium by turning the control laser off during the slow 
propagation. The control laser is turned on again, the stopped light starts to run. In 
2001, two groups succeeded to demonstrate the storage of laser light, which does not 
have quantum property. The storage of non-classical light has been one of challenging 
topics, which are essential for the development of quantum information technologies. 
 In the presentation, we introduce the definitions of light speed, and review some interesting issues 
that cover the superluminal propagation, slow light propagation, and stopped light. 
 


