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1. Introduction 
In 1916 Albert Einstein published the theory of general relativity. It predicted the 
existence of gravitational waves. Gravitational waves are ripples of space-time 
curvature propagating through space at the speed of light. Gravitational waves are 
also analogous to waves of electromagnetic energy. Electromagnetic waves are created 
by electric charges in motion; similarly, gravitational waves are created by masses in 
motion. Unfortunately, a gravitational wave is very weak, so nobody has detected it 
directly.   
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        A. Electromagnetic wave                     B. Gravitational wave 
 
2. Source of gravitational waves 
Binary star systems are composed of two stars which orbit each other around their 
center of mass. These systems are slowly losing energy and spiraling towards each 
other. The theory of general relativity predicts that orbital energy and angular 
momentum are carried away from the system by gravitational waves radiated from 
the system. The binary star is one of the most common sources of gravitational wave, 
and is the simplest case understood. In 1974 Joseph Taylor and Russell Hulse found a 
binary neutron star in our own galaxy. The period of the orbital motion is 7.75 hours, 
and is decreasing by about 76 millionths of a second per year. The effect was just as 
Einstein's theory predicted. They indirectly detected the radiation of gravitational 
waves. The point is that the binary neutron star will merge for the last time and 
make a black hole with strong gravitational wave radiation. The functional form of 
the time evolution of the gravitational wave emitted at the coalescence is called 
‘chirp’. 



 

            

        Gravitational waves emitted at coalescence of binary neutron stars 
 
3. Detection of gravitational waves 
In 1990’s, large laser interferometers were built to detect the gravitational waves. 
There are four kilometer-scale interferometers in the world, three LIGO 
interferometers in U.S. and one VIRGO interferometer in Italy, and several 
sub-kilometer-scale interferometers, GEO in Germany and TAMA in Japan. Now 
LIGO is carrying on the long-term observation named S5 since the end of 2005. The 
sensitivity of LIGO is good enough to detect coalescing binary neutron star events at 
16 Mpc away. But we want to expand the range of observation to 180 Mpc during the 
next decade. The Japanese plan, LCGT, is to construct 3km underground 
interferometer with cryogenic mirrors in the Kamioka Mine. We expect that LCGT 
will detect one event per month.  

                    
                  Overview of LCGT underground detector  
Conclusion 
We have been continuing our efforts to detect the gravitational waves for several 
decades. It is very difficult to catch the ripple of space-time, while it will bring to us 
new information of the birth of black hole. If we observe a million galaxies using very 
sensitive instruments, like LCGT and Advanced LIGO, we expect to detect 
gravitational waves at least once a month.  
 
References 
LIGO homepage ( http://www.ligo.caltech.edu/ ) 


