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ClkP: timeb(ea, ec) > timea(ea, e)+time
(e, ec)



variants of 
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NoClkP: timeb(ea, ec) = timea(ea, e) + time
(e, ec)

AntiClkP: timeb(ea, ec) < timea(ea, e) + time
(e, ec)



first-order logi
 framework for spa
e-timesLanguage: 〈Q : ;B : ; 〉
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Dimension of spa
e-time: d ≥ 2.Language: 〈Q : ;B : Ob ; W〉
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World-view relation: W(m, b, ~p ) � �Observer m 
oordinatizes body

b at spa
e-time lo
ation ~p � (at time p1 and spa
e 〈p2 . . . pd〉)



stru
ture of quantitiesLanguage: 〈Q : <, +, ·, 0, 1;B : Ob ; W〉
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AxEOF: The quantity part 〈Q ; +, ·, <, 0, 1〉 is a Eu
lidean ordered�eld. (Positive elements have square roots.)



axioms of kinemati
s
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AxSelf: The observer are in rest a

ording to themselves.



axioms of kinemati
s
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AxLinTime: The life-lines of observers are lines and time is passinguniformly on the life-lines.



axioms of kinemati
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AxEv: Every observer 
oordinatize the same events.

Kinem0 := {AxEOF, AxSelf, AxLinTime, AxEv}
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MSm is the set of time-unit ve
tors.



geometri
al 
hara
terization

Theorem: Assume Kinem0. Then
∀m ∈ Ob MSm is 
onvex =⇒ ClkP,

∀m ∈ Ob MSm is �at =⇒ NoClkP,

∀m ∈ Ob MSm is 
on
ave =⇒ AntiClkP.



geometri
al 
hara
terization

Theorem: Assume Kinem0+AxDispl. Then
∀m ∈ Ob MSm is 
onvex ⇐⇒ ClkP,

∀m ∈ Ob MSm is �at ⇐⇒ NoClkP,

∀m ∈ Ob MSm is 
on
ave ⇐⇒ AntiClkP.

AxDispl is te
hni
al axiom. It is used to displa
e observers in orderto 
reate twin paradox situations.




onsequen
es newtonian kinemati
s
AxUnivTime: The observers measure the same time between events.

Theorem: AxEOF + AxUnivTime |= NoClkP




onsequen
es newtonian kinemati
s
AxUnivTime: The observers measure the same time between events.

Theorem: AxEOF + AxUnivTime |= NoClkP

AxOb+: Observers 
an move in any dire
tion with any �nite speed.

Theorem: Kinem0 + AxOb+ + NoClkP 6|= AxUnivTime



spe
ial relativity

Language: 〈Q : <, +, ·, 0, 1;B : Ob, Ph; W〉
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spe
ial relativity
AxPh: For every observer, the speed of light is 1.

SpecReld
0

:= {AxEOF, AxSelf, AxPh, AxEv}



spe
ial relativity
AxPh: For every observer, the speed of light is 1.

SpecReld
0

:= {AxEOF, AxSelf, AxPh, AxEv}

We have to weaken AxOb+ sin
e SpecReld
0

implies the impossibilityof faster than light motions for observers (if d ≥ 3).

AxOb: Observers 
an move in any dire
tion with any speed lessthan 1 (less that the speed of light).




onsequen
es on spe
ial relativity
SlowTime: Relatively moving observers' 
lo
ks slow down.

Thm(d ≥ 3): SpecReld
0

+ AxLinTime + SlowTime |= ClkP




onsequen
es on spe
ial relativity
SlowTime: Relatively moving observers' 
lo
ks slow down.

Thm(d ≥ 3): SpecReld
0

+ AxLinTime + SlowTime |= ClkP

Thm(d ≥ 3): SpecReld
0

+ AxLinTime + AxOb + ClkP 6|= SlowTime




onsequen
es on spe
ial relativity
AxSimDist: If events e1 and e2 are simultaneous for both observers

m and k, then m and k agree on the spatial distan
e between

e1 and e2.
Thm(d ≥ 3): SpecReld

0
+ AxSimDist |= ClkP




onsequen
es on spe
ial relativity
AxSimDist: If events e1 and e2 are simultaneous for both observers

m and k, then m and k agree on the spatial distan
e between

e1 and e2.
Thm(d ≥ 3): SpecReld

0
+ AxSimDist |= ClkP

Thm(d ≥ 3): SpecReld
0

+ AxLinTime + AxOb + ClkP 6|= AxSimDist



a question for further resear
h

Question: What is the logi
al 
onne
tion between AxSimDist and
SlowTime?

Remark: If Q = R, then AxSimDist and SlowTime are equivalentin the models of SpecReld
0

+ AxLinTime + AxDispl + AxOb.


