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6.1 Introduction 

In an interesting paper [1] Cranor et.al present a variation of the twin paradox where 

each twin leaves on one ring of a counter rotating pair of infinitesima1ly separated 

rings so that the siblings trace approximately the same circular path but travel in 

opposite directions. (The observers on the ring of one twin should claim the clock 

of the other twin slowed down by time dilation and other contradicting the claim. 

The resolution of the paradox as has been claimed focuses attention to the relation 

time dilation to clock synchronization.) According to Cranor et.al's story the 

two rings to move with equal and opposite angular velocity 

cu = vR \Vith ret->pect to the frame of reference of the laboratory where v and R 

denote the linear speed and radii of the rings respectively. Specifically one twiu 

is assumed to reside on the ring which is moving in· the clockwise 

direction, whereas the other twin Bart lives on the other identical ring. Both Lisa 

and Bart are assumed to have their teams of observers stationary at every point of 

their respective rings. The twins pass each other periodically when they can easily 

compare their docks. Initially they are at the f>amc place and observe that their 

clocks both read t = 0 . According to the velocity addition formula of special 

relativity (SR) the obt->ervers on Lisa's ring detect Bart's clock moves with relative 

speed 

2 2 
Vrel = 2v/(1 + V /c). ( 6.1) 

Due to relativistic time dilation formula in comparison to the coordinate clocks 

of Lisa's team of observers Bart's clock appears to tick more slowly by a relative 

Lorentz factor 

(6.2) 
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which shows that Bart's clock will lag behind the clock of next of Lisa's observer 

(Millhouse) that he passes. It may be argued that the time lag of Bart's clock 

builds up as he passes the successive members of Lisa's team and finally after the 

half rotation he ultimately passes Lisa again and therefore Lisa should observe 

that Bart's clock lags behind Lisa's at the second meeting. This conclusion can 

soon be dismissed by two counter-reasonings: (1) Bart and his team of observers 

can also argue in the same way that Lisa's clock instead will lag behind Bart's in 

future meetings contradicting the claim by Lisa just mentioned. (2) With respect 

to laboratory observers the motions of Lisa and Bart are identical, differing only in 

their sense of rotations. Since handedness of motion cannot have any effect on time 

dilation there should be no reason why the clocks of Lisa and Bart should dbagrce 

in future meetings if they were synchronized in their first meeting. 

The resolution of the paradox hinges on the fact that the time dilation formula 

of special relativity (SR) holds good provided the coordinate clocks of any frame 

of reference (inertial) are synchronized according to Einstein's method of synchro

nization. The authors correctly point out the difficulty in synchronizing coordinate 

clocks on rotating frame in Einstein's way. Indeed they have shown how a disconti

nuity in synchronization appear~? when one trieH to synchronize clocks along nm 

of a rotating ring. The author explain the paradox in terms of this synchronization 

gap or desynchronization of clocks on a rotating platform1
. In order to emphasize 

the intimate connection between time dilation and clock synchronization (i.e. the 

definition of simultaneity) in a reference frame with respect to which time dilation 

of clocks are to be considered, the authors of reference (1) discussed in passing some 

non-standard synchronization schemes that one can adopt on a rotatii1g ring. How-

1 In fact the twin paradox and Sagnac effect are thus connected since the origin of the Sagnac 

effect can be traced back to this desynchronizatiori [2, 3, 4] 
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ever the relation between time dilation and clock synchronization is a tricky issue. 

Misconceptions may easily arise if one is not sufficiently cautious.Indeed we feel 

that Horne of the statements made in the article on the issue are either outcome or 

lacks sufficient clarity so that the beginning relativity students might misinterpret 

the remarks and make wrong conclusions from them. 

The purpose of the present paper is to point out and remove these shortcomings of 

the otherwise excellent paper and provide some additional clarifications concerning 

the relationship between clock synchronization and time dilation in SR. The paper 

under scrutiny has described three possible schemes for synchronization of clocks 

on a rotating ring in addition to the standard one. According to these methods 

any two spatially separated events on a rotating ring which are :-;irnultancous with 

respect to the observers on the ring are also simultaneous with respect to laboratory. 

In order to facilitate clarifying our points we briefly reproduce only one of these 

synchronization schemes. Indeed it is not necessary to describe all the three methods 

since they all provide the same sort of synchronization. The synchronization method 

is as follows: One considers the ring to be already rotating. At the center of the 

rotating ring one has a light flash. Upon receiving the flash the ring observers set all 

their clocks to read the same time say t = 0, thus completing the procedure. It hat> 

truly been argued that the flash at the center "favours no particular observer, ... '' 

hence "a moment of simultaneity on a ring will also be a moment of simultaneity in 

the lab .... " In the literature this type of synchronization is often known as absolute 

synchronization. In the following sections we consider some of the remarks made by 

Cranor et.al concerning the absolute synchronization and provide our clarification 

on the related issues. 
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6.2 Does Absolute Synchronization Imply Ab-

sence of Time Dilation? 

Referring to the non-standard synchronizations on a rotating ring the authors note 

(or the authors' statements may be so construed) that it does not produce time 

dilation. To the students it may appear that since this particular synchronization 

imply the absolute nature of simultaneity it cannot produce time dilation. Indeed 

referring to the fact that two events simultaneous with respect to laboratory will 

also be simultaneous with respect to Lisa's observers, the authors observe ... this 

explains what we already know rnut-~t be true. There will be no lagging of Bart's clock 

observed as it passes each of Lisa's observers. For the relativistically inappropr·iately 

synchronized clocks of Lisa's observers, there is no time dilation of Bart's clock .. ,. 

It is true that partly owing to this particular synchronization, there will be no 

lagging of Bart's clock •.vith respect to the frame of reference of Lisa but the fact 

does not follow from the reason that simultaneity is absolute in Lisa's frame with 

respect to laboratory. In fact the absolute simultaneity argument does not have 

the ability to distinguish between Bart and any other observer who is rotating with 

O:Jomc aTbitmry angular velocity, since the agreement of simultaneity is an issue 

between the laboratory observers and Lisa's observers and therefore it has nothing 

to do with Bart's clock. Hence anyone is entitled to assume that the reference of 

''Bart's clock" in the quoted statement of t_he last paragraph is only incidental and 

one may incorrectly interpret the remark to mean that with respect to a reference 

frame where clocks are absolutely synchronized with reference to laboratory will 

not observe any time dilation! However such an interpretation is correct specifically 

for Bart's clock. One can prove that it not generally valid. The point however 

i:-> the abO:Jence of time dilation of Bart's clock with respect to the inappropriately 
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synchronized clocks of Lisa's observers is not obvious from the absolute simultaneity 

reasoning used by the authors. This may be seen as follows: 

Cranor et.al considers a novel method (method 3 according to the reference) of 

Synchronization in Lisa's frame of reference when it is already in uniform (angular) 

motion2 

The team of observers on Lisa's frame receive a light flash sent from the from the 

centre of rotations and on the basis of prior instructions set their clocks to t = 0 at 

the moment they see the flash. The authors correctly argued that since light flash 

at the centre does not favour any particular observer, the "moment of simultaneity 

on the rotating ring frame will also be a "moment of simultaneity" in the laboratory 

frame. 

as 

Now transformation between the laboratory frame and a moving inertial frame 

may be instantaneously comoving with the rotating frame) can be written 

x' = 1(x- vt), 

t' = ,-1t, 
(6.3) 

where the primed quautities refer 8pace and time in the frame moving with relative 

velocity v with respect to the laboratory frame. 

Indeed one can verify that the above transformations represent a relativistic world 

but the clocks of moving frames are so synchronized that simultaneity is absolute 

(i.e. if 6t = 0, 6t' is also zero). The world is relativistic in the sense that mov

ing clocks dilate and moving rods contract with respect to the singled-out frame 

(laboratory frame) as they would do according to Lorentz transformation; but since 

different synchronization scheme have been. adopted in moving frames, the time di-

2In the present article we shall not consider method 1 and 2 as they will attract the problem 

of Ehrenfest paradox[5, 6] which will -complicate synchronization scenario. 
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lation and length contraction results from those frames in general differ from those 

obtained in the standard formulation of SR However that does not mean that the 

world is non-relativistic. Time dilation and length contraction are partly synchro-

nization convention dependent effects. One may verify that in the moving frames 

two way speed (TWS) of light is always c. It must be so as TVVS is a convention 

independent quantity. 

Now specifically let L: be the laboratory frame, :E1 and ::E2 the frames of Lisa 

and Bart moving with velocities v1 and v2 respectively relative The transfor-

mation equations for space-time between the instantaneously co moving frames of 

Lisa and laboratory using absol\1te synchronization (Tangherlini Transformation[7. 

15, 9, 10, 11]) arc given as 

(6.4) 

where 1 1 = ( 1 - vi/ c2;-·l/2 is the usual Lorentz factor. 

With the inverse transformation 

(6.5) 

t=r1k 

Similarly the transformations between L: and ::E2 are 

(6.6) 

The inverse is 

(6.7) 
t = (2t2. 

From Eqs.(6.5) and (6.7), we obtain the transformation equations connecting ::E 1 

and ::E 2 which are given as 

(G.8) 
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Similarly 

(6.9) 
t1 = l'1-1r2t2. 

The corresponding time dilation formulas (TDF) are 

TDFl (representing time dilation of Lisa's clock with respect to Bart's observers): 

TDF2 (representing time dilation of Bart's clock with respect to Lisa's observers)· 

(CUl) 

As is evident from the above equations only for v1 = v2 i.e. ~r1 = r2 , the synchro-

nization do not produce any time dilation, but otherwise (11 =I 12) /).t 1 =I /).t2, or 

in other there is some dilation (contraction) effect. Thus proving that 

although in the special case it is true that Bart's clock will not be dilated relative to 

Lisa's observers. it is generally not true that "non-relativity of simultaneity implies 

no time dilation .... " 

In addition to what we have already discussed we have learnt an important lesnon. 

There are many relativists who do not like to believe in the CS-thesis of the relativity 

theory. But there is no question of believing or not believing since in the present 

problem we can see how the clocks in different moving (rotating) frames can be 

absolutely synchronized. Indeed no body can prevent one from doing so. In one of 

the most cited article Debs and Redhead [12] have been found to be a bit apologetic 

about their using of the CS-thesito; in providing clarifications on the twin paradox. 

To our mind, an we have clarified there aught not to be any reason to be he8itant 

at all. 
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6.3 Einstein Synchronization on Lisa's ring 

Having understood the role of absolute synchronization in evading the paradox let 

us now consider the standard (Einstein) synchronization on the rotating ring. In ad

dition in order to understand the role of synchronization we would like to eliminate 

relativistic effects from the problem. We have already seen in the previous chapter 

that the origin of the clock paradox lies essentially in the Einstein's synchronization 

convention. vVe shall therefore consider a classical world where except in a preferred 

frame (Laboratory frame) two way speeds of light will not isotropic. 

synchronization in this frame would mean that along any line the one way speecb 

in one (forward) direction (whatever may be it;,; value) will be the same in the other 

(reverse) direction. Transformation equations that represent this synchronization 

is represented so called Zahar transformation (ZT) [7, 8, 10, 13] 

x = (xo- vto), 
(6. 

t =''?(to- vxo/c2
), 

where x' and t' denote:; the space and time coordinates of an event in the instanta

neous frame co moving with Lisa (say) and .x0 and t0 are the same in the laboratory 

frame. The inverse of ZT is readily obtained as 

Xo = 'Y2 (x + V')'- 2t), 

to= ')'2 vxjc2 + t. 
(6.13) 

The above transformation indicates that Li:;a's dock will not experience any time 

dilation as D.to = D.t (since x the' position of Lisa's clock remains constant in Lisa's 

frame). But from the forward transformation (Eq.(6.12))it is evident that a clock at 

rest on. a ring fixed in the laboratory frame (which apparently rotates with respect 

to Lisa) will experience time dilation through the relation D.t = 'Y 2 D.t0 . 

The general ZT between two frames I:i and I:k instantaneously co moving with 
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two rotating rings can be obtained as 

(6.14) 

(6.15) 

where term.s with suffixes i and k represents respective quantities :Ei and I:k 

respectively, Vi and Vk refer to velocity with respect to the laboratory frame 2::0 . 

If specifically the frames of Lisa and Bart are :Ei and :Ek we have vi = v = -vk 

and the above equation can be written as 

(6.17) 

where 

The circular twin paradox can now be posed in the classical world also. It it-i 

evident from the time transformation of Eq.(6.17) that Bart's clock will experience 

time dilation with respect to Lisa's team of observers and in the same way Lisa's 

clock will experience same time dilation with respect to Bart's team of observers! If 

this happens we can argue as Cranor et.al explains "Since Bart's clock agrees with 

Lisa's as he passes her at t = 0, time dilation means that his clock will lag behind 

the dock of the next of Lisa's observers that he passes. As he passes successive 

memben; of Lisa's observing team, his clock should be seen to lag further and 

further behind. One-half rotation later, the observer he passes will be Lisa .... " One 

therefore concludes that when Bart passes her, their clocks will not read the same. 

Now this cannot happen, on the ground of symmetry of the problem as Bart's and 

Lisa's motions differ only in handedness. This handedness of motion cannot have 

any effect on the rate of ticking of clocks. This is the paradox. The difference with 

that posed by Cranor et.al lies .iu the fact that ours is a classical world. There is 
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no "real" time dilation and length contraction yet these can be apparently created 

by not choosing absolute synchronization. Clearly the apparent relativistic effects 

that we have ~een in this world is an artifact of ~ynchronization process. 

The prompt remedy of the paradox is to go back to absolute synchronization and 

immediately ZT will be replaced by GT and Lisa's and Bart's clocks will always 

agree. Only in this case this agreement will always be true irrespective of their 

speeds. In the relativistic case however they will not agree if Bart's angular velocity 

diflers from. that of Lisa's. 

However choosing absolute synchronization merely evades the paradox. One 

needs to resolve the contradictory claims of the two observers. This can be done 

in the following way: An stated, Milhouse on Lisa's ring is the next observer iu the 

anticlockwise direction. Bart's clock will lag Milhouse's when they pass each other. 

Assume now that Einstein synchronization is used starting with Lisa, and proceeds 

in the anticlockwise direction to Milhouse and then proceeding around the ring until 

the clock of the last observer Selma gets synchronized (with light signal). In this 

case the angular position of Lisa (angle 0) and that of Selma (angle 21f) coincide 

but their clocks will not agree. Thus the synchronization produces a discontinuity 

(synchronization gap). The amount of discontinuity in the relativistic case ha~ been 

nhown by Cranor et.al to be 

Disc(l) = 21f Rvry/ c2
. (6.18) 

When calculated in detaiL the time dilation of Bart's clock will produce a time lag 

with Selma's clock precisely the above Disc(l). At the very same location as Selma 

lies Lisa whose clock lags Selma's by Disc(l) and therefore agrees precisely with 

Bart's clocks. 

In the present case the discontinuity in the synchronization (time difference be-
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tween Lica's and Selma's clock) turns out to be 

(6.19) 

and in the same way the time hig of Bart's clock with Selma's will be compensated 

by Disc(2) when compared with Lisa's. 

Incidentally Disc(l) and Disc(2) represent the phase shifts between counter ro

tating light beams on a rotating platform. This phase shift is known as the Sagnac 

effect. 

The above analysis clarifies that in an accelerated frame one has to live with these 

discontinuities if Einstein synchronization is adopted. This discontinuity is the root 

of all troubles in standard twin paradox s~enario also. Absolute synchronization 

has the ability to free ourselves from apparent contradictions. The next chapter 

will be devoted to discussing this issue in detail. 
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