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“Nothing travels faster than the speed of light 
with the possible exception of bad news, which 
obeys its own special laws.”

Douglas Adams
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Introduction

• The speed of light in vacuo c, is a fundamental 
physical constant.

• While material particles and signals are restricted to 
travel less than c according to Einstein’s theory of 
special relativity, not all physical quantities have this 
restriction.

• For instance: in QED virtual particles may exceed c
and the envelopes of optical pulses may also travel 
faster than c in dispersive media.



Group Velocity

• vg can differ from the phase velocity vp = c/n e.g. in  
dispersive photonic or electronic systems. 
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Evanescent fields

• Transmission (evanescent field) and 
reflection can be obtained from the 
Helmholtz equation. 

• Snell’s law is also instructive. 
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Frustrated Total Internal Reflection

• Consider now only the x component.

• The evanescent wave can excite a second traveling wave. (Near 
field effect.) 

• Note, no phase shift within nt.
• Instantaneous transfer of field.
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Experiments by Nimtz et al.

G. Nimtz, Progr. Quantum Electron 27, 417 (2003) 



Experiments by Nimtz et al.

A. Haibel et. al., Phys. Rev. E 63, 047601 (2001)
G. Nimtz, Progr. Quantum Electron 27, 417 (2003) 

Incident microwave pulse

Output pulses are observed at the same time.

Goos-Hänchen shift

Tunneling time

Conclusions drawn by Nimtz et al.

• Zero time crossing the gap via 
tunneling.
• Superluminal propagation of the 
centre of mass of the pulse.
• Signal velocity faster than c.

y

D
k
φ∂

=
∂

sini
y t i

t

nk k
n

θ=
x

y



Interpretational issues

• Nimtz claims to have violated the special 
theory of relativity “Macroscopic violation of 
special relativity”.

• Moreover he suggests that these devices can be 
utilized to speed up electronic or photonic 
communication.



Some personal remarks

• Nimtz equates the signal 
and group velocity…

• Definition of signal arrival*:
– “…[provided] one can detect 

an intensity greater than a 
limit δ, the signal is said to 
have arrived.”

• If this criterion is applied 
then the signal velocity in 
Nimtz’s experiments is < c. 

• Transmitted pulse does not 
exceed the envelope of the 
incident pulse were it to 
travel at the phase velocity.

• Precursors

* R. L. Smith, “The Velocities of Light”, Am. J. Phys. 38, 978 (1970)

δ

Leading edge of pulse is hidden 
and cannot be used to extrapolate 
the remaining pulse shape.



Conclusion

• The experiments performed by Nimtz et al. using 
FTIR elegantly demonstrate photonic tunneling and 
have been utilized to generate superluminal centre of 
mass propagation. 

• However, the interpretation that this has lead to 
superluminal signal velocity remains an open 
question.

• It may be possible to define the signal velocity 
utilizing the quantum noise of light as a mechanism 
which hides precursor information…


