
35БГУ – столетняя история успеха

Физика конденсированного состояния
Condensed State Physics

of relativity with hypothesis about the existence of limited acceleration in nature, with hypothesis about a so-called 
«time-dependent Doppler effect», as well as in the framework of the general theory of relativity under re-analysis of the 
metric effects in the rotating system, which is focused to the problem of correct synchronisation of clocks in a rotating 
system with a laboratory clock. We show that all such attempts remain unsuccessful until the moment, and we indicate 
possible ways of solving this problem, which should combine metric effects in rotating systems with quantum mechanical 
description of resonant nuclei confined in crystal cells.
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Introduction
As is known, the first series of Mössbauer experiments in a rotating system has been carried out in the early 

1960s soon after the discovery of the Mössbauer effect (see, e. g., [1– 6]). Their common goal was to verify 
the relativistic dilation of time in the laboratory conditions, which manifests itself via the relative energy shift 
between the resonant lines of a resonant source and a resonant absorber, fixed on the rotor at different distances 
from the rotational axis.

A relative energy resolution of resonant g-quanta for iron-57 Mössbauer spectroscopy has a typical value 
10–13–10–14 (see, e. g., [7]), which ensures a reliable measurement of the time dilation effect for sub-sound 
tangential velocities.

For a typical configuration, where the source is located at the origin of the rotating system and the absorber 
on the rotor rim (see figure), such a relative energy shift between the emission and absorption resonant lines 
in given by the equation

 
E E
E

E
E

k u
c

s a

s

−
≡ = −D 2

2
,  (1)

where Es is the energy of resonant radiation for the source; Ea is the energy of resonant radiation for the absor-
ber; u stands for the tangential velocity of absorber; c is the light velocity in vacuum, and k is some coefficient, 
which is determined experimentally; according to special relativity (SR), it should be equal to 1

2
 (the second 

order Doppler shift). 
We point out that the sign «minus» on the right site of equation (1) corresponds to the blue shift of the energy 

of resonant radiation, where Ea > Es.

A typical scheme of the Mössbauer rotor experiment.  
The intensity of the resonant radiation passing resonant  

absorber is measured by the detector at the time moments,  
when the source, the absorber and the detector are aligned into a straight line.  

The thin iron-containing film of the resonant absorber is located inside beryllium  
shell of thickness of about 1 mm to prevent the absorber deformation due to centrifugal force


