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al Observatory, Jagiellonian University, KrakowThe twin paradox in stati
 spa
etimes and Ja
obi �eldsAuthors: L. M. SokolowskiThe twin paradox in spe
ial relativity has a 
lear geometri
al meaning, yet in mosttextbooks its resolution is given only in the simplest 
ase and provides no deeperunderstanding of the e�e
t. Vaguely speaking, in �at spa
etime the twin moving at ahigher nonuniform velo
ity is the younger one. In 
urved spa
etimes a multitude ofpossibilities o

ur and the simplest 
ase in S
hwarzs
hild spa
etime, a non-geodesi
twin at (absolute) rest and a geodesi
 twin moving on a 
ir
ular orbit, is in somesense misleading. In general one 
an only determine whi
h worldline 
onne
ting theseparation and the reunion point makes the twin following it the oldest one. This isthe timelike geodesi
 without points 
onjugate to the initial (separation) point on thesegment ending at the reunion point. The 
onjugate points exist if any Ja
obi ve
tor�eld (any solution of the geodesi
 deviation equation) vanishes at a point provided thatthe �eld vanishes at the initial point. We therefore investigate Ja
obi �elds on timelikegeodesi
s in a number of stati
 spa
e- times. For physi
al reasons we study onlysimplest geodesi
 
urves: 
ir
ular orbits (if they exist) and radial traje
tories (�ightsupwards and downwards) and 
al
ulate their lengths. For 
omparison we 
ompute thelength of a non-geodesi
 worldline of a stati
 observer between the separation and thereunion. In all the spa
etimes under 
onsideration the radial geodesi
s are the longestones and ex
ept de Sitter spa
e they 
ontain 
onjugate points outside the relevantsegment; there may be two points or an in�nite sequen
e of 
onjugate points. Allstati
 spheri
ally symmetri
 spa
etimes have the same properties 
on
erning 
ir
ulargeodesi
s (if they exist): there exist two in�nite sequen
es of 
onjugate points. Wealso 
ompare the radial time- like geodesi
s in Robertson-Walker spa
etime with thesein stati
 metri
s and �nd qualitative similarities. The Ja
obi �elds may be e�e
tivelystudied only in spa
etimes with a high symmetry sin
e the existen
e of integrals ofmotion generated by Killing ve
tor �elds is 
ru
ial for solving the geodesi
 deviationequation.


