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Rotating reference frame 

Let F be an 

 

 

 

Inserting this into the expression above for the spatial line element we have 
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   We shall now try to explain this result first from the point of view of observers at rest in the non-

rotating frame F, and then from the point of view of observes co-moving with the ‘rotating’ frame, R. 

   We shall first define the concept standard measuring rod. A standard measuring rod has by 

definition a constant rest length even if it is accelerated. It is not allowed by a standard measuring 

rod to be compressed or strained. Hence a standard measuring rod will have a Lorentz contraction 

according to its velocity.  

   As observed from F the measuring rods along a circle about the origin have a velocity v r . 

Hence they will be Lorentz contracted by the factor 2 2 21 /r c . Hence there is place for more 

standard measuring rods around the circle the faster the frame R rotates. Therefore the measured 

length of the circle will be larger by this factor. This is the reason for the result (3.15) from the point 

of view of an F-observer. Hence according to the F-observers there is no question of a non-Euclidean 

geometry. The result (3.15) is explained by the Lorentz contraction of the standard measuring rods.  

   It may further be noted that since the material of a rotating disc cannot Lorentz contract an 

engraved scale on the disc cannot be used as a set of standard measuring rods. When the disc is put 

into rotation the material tries to Lorentz contract in the tangential direction, but is not allowed to 

do so. Hence a tangential strain will develop in the material of a disc that is put into rotation. 

   We shall now assume the validity of the principle of relativity for rotating motion. Then the 

observers in R can think of themselves as at rest and the environment as rotating. From this point of 

view the standard measuring rods are not Lorentz contracted. Hence the explanation of the F-

observers does not work for the R-observers.  

   According to Einstein’s interpretation of the general theory of relativity the explanation of the R-

observes is as follows. The R-observer experiences what in Newton’s theory is called a centrifugal 

force field. According the principle of equivalence this is reckoned as a gravitational field in the 

theory of relativity. The R-observer will say that there is a non-Euclidean spatial geometry in the R-

frame, and that this is connected with the gravitational field which is present in this frame.  

   However, the experience of a gravitational acceleration field locally (the Newtonian centrifugal 

field) is due to the fact that the R-observers are at rest in a reference frame in which the reference 

particles are not freely falling.  
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   It should be noted that in general an experimental result – in the present case that the measured 

length of a rotating disc with radius r is larger than 2 r  –  is independent of the reference frame that 

the experiment is described from, but the explanation of the result depends upon the motion of the 

observer’s reference frame.   


