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Forty Years Research of Faster-than-Light

Review and Prospects

HUANG Zhi-Xun
(Communication University of China, Beijing 100024)

[ Abstract] Since the early work of O. M. Bilanuik and B. C. Sudarshan in 1962 and G. Feinberg in
1967, the research work on the faster-than-light (superluminal) has been performed in the world,
such as in USA, Europe and China. In this paper, the development stages of the study are presented,
which include beginning stage, transitional stage and experimental stage.

Based on the Einstein’s paper in 1905, the velocities greater than that of light had no possibility
of existence. However, in the Einstein’s papers of 1907 it was founded that the superluminal signal
speed could not be refuted absolutely. In this paper, the studies on velocities are classified. The defini-
tion of General Information Speed is suggested, which will ease the discussion. After reviewing the re-
searches of 1962 — 2004, it can be concluded that the faster-than-light is a realizable scientific statement.
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1. Introduction

In 1676, Olaus Roemer(1644 —1710), the Denmark astronomer, gave out the light
speed ¢ = 214 000km/s that was obtained from observing the movement of the Jupiter’s
satellite. The value of the light speed was about 30% less than the correct value, but it was
the beginning of the history in measuring the light speed. In 1972, the research group of
NBS, headed by K. M. Evenson!'!, declared that the measured light speed was
(299 792 456.2 +1.1)m/s in their experiment, the light frequency was measured by using
the complex technology in methane (CH,) laser and the measured accuracy was 3.6 X 10°.
In 1973, the light speed was specified as 299 792 458 m/s by BIPM. In 1975, the interna-
tional CGPM confirmed this value of light speed. The 17th CGPM suggested that the
299 792 458 m/s should be the basis of the definition of “meter”. After this time, the history
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of measuring the light speed for 300 years was ended. But it must be noticed that the above
treatment was under the premise of constant light speed in vaccum.

By the people ordinary experiences the light speed at 3 X 108m/s is very fast, so the
light wave propagates very fast. It takes 1.27s for light traveling from the moon to the earth
and 8.3 min from the sun to the earth. However, from the view of astronomer, it seems
that the light speed is not fast enough. For example, the light from remote stars will take
billions years to the earth. The mankind has been continuing to investigate if there is the su-
perlumninal phenomenon. It is natural for people to have this thinking.

The term of faster-than-light(FTL)is also called the superluminal. Bothfast-light” and
“slow-light”are used to describe that the light speed is faster than ¢ or slower than ¢ respec-
tively. The term®tachyon”is used for the particles with a speed of faster-than-light. The ap-
parent FTL and pseudo FTL on the some assumption is not physical reality real superlumi-

nal, which is not discussed in this paper.
2. The A. Einstein’s light barrier?

In the Special Relativity (SR) theory the light speed in vacuum has a special position. It
is assumed that the light speed in any inertial coordinates is unchanged. In the paper'®) of
1905, Einstein assumed that light propatates in a constant speed ¢ and the light speed is not
dependent on the movement of the light source. In the same paper Einstein stated that it is
impossible for the light speed of faster-than ¢. It can be concluded from the paper'? that the
light speed is constant and cannot be surpassed.

Why did A. Einstein say the light speed ¢ cannot be surpassed? From the Special Rela-

tivity theory, the lengh, mass and energy of the moving object can be represented as:
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where ;. m is the rest length and the rest mass, and §= v/c( v is the moving speed of the

object). If v<<c, the length / is decreased as v is increased and mass m and energy E is in-
creased as v is increased. If v =c(B=1), it is deduced that the mass and energy of the
moving object become infinite. So that Einstein declared that it is meaningless to discuss the
light speed faster that c.

In 1907 Einstein'® published a paper and stated the signal speed could not surpass the
light speed ¢, but he did not very confirmit, which now leaves a space for us to discuss the

superluminal of the information speed.

3. The three phases in the study of the superluminal

In the early time, in 1903, before the Special Relativity theory appeared, the German
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physicist, Arnold Sommerfeld (1868 — 1951 )stated that the Maxwell equations could be used
to describe the wave propagation with faster-than-light speed and in 1904 he discussed the
properties of particle with faster-than-light speed in a book. He pointed out that in the range
of v > ¢ the particle would loss the energy by accelerating and obtain the energy by decelerat-
ing, which was opposed to the classic situation. However, after the Special Relativity theory
appeared in 1905, A.Sommerfeld modified his book. Since then he did not discuss the possi-
bility of faster-than-light speed.

In a half of the century after 1910, there was no one to discuss the superluminal. The
light barrier of A. Einstein becomes basic rules in physics. In the 60’ s of 20th century some
papers were published to discuss the possibility of superluminall* ®. The main points in
these papers are with the assumption that the particle speed cannot be accelerated to the
faster-than-light speed is still correct, but the method of accelerating particle to obtain the
faster-than-light speed is not a unique method. The speed of photons and neutrinos is not ob-
tained by an accelerating method. So it is possible that some particles have their inherent
speed that is faster-than-light. Before 1974, some experiments were done in order to discover
the tachyons in air-shower measurements, but any tachyons were not discovered. In 1974, a
paper published declared the tachyon was founded in the extended atmosphere beam scatter-
ing experiment, but the fact was not agreed by the science world. So, in the first phase of
the study for superluminal, no real progress was made in the researches.

In the early 20th century, A. Sommerfeld and L. Brilliouin'”! gave out a theoretic result
of the electromagnetic wave study, and they predicted that the group speed of wavelet can
surpass the light speed in vacuum. But there was no experimental support in that times. In
1970, G. Garrett and D. McCumber!® pointed out that the group velocity faster than the ¢
and the negative group velocity could be obtained through the experiments. In 1982, C.Chu
and S. Wong!®! proved the above deduction by a pico-second laser pulse experiment. In the
same year the experiment for testing EPR and Bell’s inequality was done by A. Aspect!'"]
successfully. It was proved that the non-locality in Quantum Mechanics (QM) exists and the
theory of the reality of localitys of Einstein may have some mistakes. Considering the above
experiments the scientists began to think that the light speed ¢ may not be the maximum
speed in the nature. In this time the experiment of superluminal on the basis of QM is con-
sidered. In 1985, Huang!'! stated the possibility existing the quantum tunnel effect in the
waveguides, which is the microwave transmission lines. In 1991, the negative group velocity in
waveguide was reported ). The another articles on the subject of suprluminal have been pub-
lished. So the second phase of the study for superluminal should be during 1982 — 1991.

The third phase of the study for superluminal began in 1992. The main characteristics
of the third phase are: The many experiments were done in the different laboratories of many
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