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Special Relativity 

Albert Einstein began the paper in which he introduced Special Theory (“On the Electrodynamics of 

Moving Bodies”1) by adducing evidence to suggest that “the phenomena of electrodynamics as well as of 

mechanics possess no properties corresponding to the idea of absolute rest” (37). This in turn suggests 

that  

The same laws of electrodynamics and optics will be valid for all frames of reference for which 

the equations of  mechanics hold good (37-8) 

a postulate which he called the “Principle of Relativity” (RP). He then introduced “a second postulate, 

which is only apparently irreconcilable with the former, namely that 

Light is always propagated in empty space with a definite velocity c which is independent of the 

state of motion of the emitting body (38) 

This Second Postulate is called the Light Postulate. Einstein noted that the theory he will develop on the 

basis of the two postulates will make the “introduction of a ‘luminiferous ether’ … superfluous, 

inasmuch as the view here to be developed will not require an ‘absolute stationary space’ provided with 

special properties”. This second postulate will have served its purpose as soon as the Lorentz 

transformations (LTs) are derived. Then the First Postulate can be re-expressed as the demand that, any 

physical law expressed in the co-ordinates of one inertial frame, must remain invariant under a Lorentz 

transformation. In fact the Light Postulate is not strictly necessary: it is neither necessary to postulate a 

universal limiting velocity nor to identify it with the speed of light, as has been known since1911, and 

rediscovered several times since. The RP by itself, together with certain reasonable assumptions is 

consistent with only 2 possible transformations: the Galilean and the Lorentz transformations. There are 

then a variety of phenomena by which we can deduce that it is the LTs that are the correct ones (time 

dilation, increase of mass with velocity, or E = mc2 would serve as well as the fact that light travels at 

invariant velocity c). 

                                                
1 “Zur Elektrodynamik bewegter Körper, Annalen der Physik, 17, 1905. My page numbers reference the English 
translation by W. Perrett and G. B. Jeffery, in Einstein et al., The Principle of Relativity, Dover: 1952. 
2 —following Rindler, Essential Relativity, 31-32.  
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1. Relativity of Simultaneity 

But first let’s recap Einstein’s reasoning, which begins with an analysis of the notion of simultaneity (= 

“being at the same time as”). “We have to take into account,” he writes, “that all our judgments in 

which time plays a part are always judgments of simultaneous events.” (41) This causes no particular 

problem for nearby events, because of the very great velocity of light relative to our determinations, 

etc., but it comes into play with distant events (such as the eclipses of the moons of Jupiter), where we 

have to allow for the time lapse caused by light’s travel. But this is where the Second Postulate comes 

into play. For the fact that light travels at a (finite) velocity independent of its source means that it has 

the same velocity in all inertial frames. But this directly entails the relativity of simultaneity, as we can 

see from an example like the one we discussed in class. 

 Imagine a plane flying very fast overhead. Someone takes a flash photo precisely in the middle of the 

plane, and the passengers at the front and rear will see the flash at the same time, say, after 3 (tiny) units 

of time. But for us observing from the ground, we’ll see the rear passengers travelling into the signal, 

and thus seeing it first. Since the signal will not have reached the front when we see it hit the back, the 

front clocks will read less than 3, say 1. These 2 different clock readings are simultaneous in our frame. 

Simultaneity is relative. 

 

       3               1 

 

       1                                         3 

Now add a second plane travelling at the same speed in the opposite direction so that their lengths 

coincide (from the perspective of our frame) when the flash is seen by the passengers in the rear of the 

first plane. At  that time the nose of the second plane will just be passing beyond it, but the rear of the 

second plane (according to those in the first plane) passed earlier (at time 1). So from the point of view 

of the first plane the second plane must seem shorter: relativistic length contraction! ) Note the perfect 

symmetry: the passengers in the second plane will make the same judgement.) 
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2. Derivation of the Lorentz Transformations2 

Take two arbitrary inertial frames S and S' with Cartesian co-ordinate lattices (x, y, z, t) and (x', y', z', t') 

in relative motion.  We want to find the relation between the co-ordinates in S and those in S'. First, for 

reasons I will not go into, this relation must be linear. Linearity implies that for any fixed values of  x', y', 

z' there are unique constant values of dx/dt, dydt, dz/dt, and thus that each inertial frame is in uniform 

translatory motion with respect to every other. A second natural assumption is that if S assigns a 

velocity v to S' then S' will assign the velocity –v to S.  This follows by isotropy. 

Now choose the axes so that S' is in motion w.r.t. S only in the x or x' direction, and the frames having a 

common origin at (0, 0, 0, 0). The planes y = 0 and y' = 0 coincide during this motion. By linearity and 

symmetry arguments it can be established that 

  y = y',  z = z'         (1) 

Now since x' is linear in x, y, z, t and the y and z  coordinates are the same, 

   x' = γx + βt,          (2) 

where both γ and β may depend on the velocity v. But since S' is moving with respect to S at velocity v, 

x = vt implies x' = 0, so we have  

   0 = γvt + βt 

i.e. β = – γv. Thus 

   x' =  γ (x – vt)          (3) 

By a similar argument, since x is linear in x' and t', we have  

   x =  γ'x' + β't',          (4) 

so that since x' = –vt'  implies x = 0, we have  

   x =  γ'(x' + vt'),          (5) 

where γ' may also depend on the velocity v.  

Now if we make the transformations x → –x, x'→ –x' in (3) we get 

   x' =  γ(x + vt)          (6) 

and if we reverse the roles of the reference frames, with x' ↔ x, t' ↔t, (5) gives  

                                                
2 —following Rindler, Essential Relativity, 31-32.  
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   x' =  γ'(x + vt),          (7) 

Comparing (6) and (7) yields 

   γ = γ' 

Here, γ must be +ve, since x and x' increase together at t = 0. 

Now by the Second Postulate, if x = ct then x' = ct' and vice versa, because the velocity of light c is the 

same in each frame. Substituting these relations into (3) and (5), and using γ = γ', we get 

   ct' =  γ (ct – vt)          (8) 

   ct =  γ (ct' + v t')         (9) 

Multiplying (8) by (9) and dividing by tt' gives 

   c2 =  γ 2(c2 – v2), or 

   γ  =  √{1/(1 – v2/c2)}        (10) 

Finally, eliminating x' by subbing (2) into (3) (with γ = γ') yields  

   t' =  γ (t – vx/c2)         (11) 

So   x' =  γ (x – vt), y = y',  z = z', t' =  γ (t – vx/c2)     (12) 

3. Light Cone Structure, Minkowski Diagrams and Proper Time 

Minkowski diagrams to be explained on the board. 

The quantity of time elapsed for a given process (such as a clock keeping time) is measured by the 

proper time, a quantity that is calculated by taking the integral along the world line of that process of the 

quantity 

τ = ∫ dτ, where dτ = √(c2dt2 – dx2 – dy2 – dz2)/c 

where x, y, z and t are the co-ordinates in some given inertial frame, and are considered as 

functions of the proper time τ.  

The proper time so calculated is invariant to change of frame: it will come out the same no matter what 

inertial frame (with co-ordinate values x, y, z and t) is chosen. 
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4. The Twin Paradox3  

To make our well-worn paradox vivid, let us take Terence the true Tellurian, who tethers himself to 

terra firma; and Astrid the astronaut, who abridges her age by abandoning Earth with alacrity for Alpha 

Centauri. (Since the tale of the two twins has been told so many times, I hope I may be allowed a little 

alliteration in the account.) We’ll assume, to keep the figures round, that Alpha Centauri is 6 light years 

away, and that Astrid approaches it at six tenths of the speed of light (.6c), turns round in an instant, and 

returns towards Earth at the same speed (all of this in Terence’s rest frame, i.e. from the point of view 

of an inertial frame of reference in which Terence is stationary). An easy calculation shows that, 

according to Terence, his twin is away for exactly twenty years (ignoring for now any periods of 

acceleration or deceleration). Things are otherwise for Astrid. At such great speed, distances are 

foreshortened by a factor √(1 – 0.36) = √(0.64) = .8: it appears to her that she makes a journey 

outwards of only 4.8 light years, and does it in 8 years.  (Seen from Terence’s perspective, time runs 

more slowly on her watch.) An equal space contraction and time dilation occurs on her way home, so 

that she takes only 16 years for her journey (still discounting the time of her deceleration). Thus when 

they are reunited and compare their watches, they find that Terence has aged 4 years more than his 

sister! This seems obviously paradoxical. If all inertial motion is relative, how can there be an absolute 

difference in their lifetimes resulting from it? The paradox is heightened by this observation: while the 

twins are in relative inertial motion, each’s duration will be running slower from the perspective of the 

other’s rest frame. In each leg of the journey, Astrid would infer processes to be happening more slowly 

on Earth as it receded from her or approached her at 0.6c: her eight years would correspond to an 

inferred duration of processes on earth of only 6.4 years! As Herbert Dingle reasoned,4 if each twin’s 

life-process is slowed down relative to the other, each will age less than the other, an obvious 

impossibility! This is the paradox. 

 A standard resolution given of this paradox explains that the reason for the discrepancy is that as it 

is only Astrid who undergoes an acceleration as she turns around, it is therefore she who performs an 

absolute motion, not Terence. On this analysis, so long as the twins are in inertial motion relative to 

one another, each twin must indeed infer that the other’s clock is running slow. The reason for the 

discrepancy is that, as Astrid turns about, the act of her deceleration skews her temporal orientation 

violently, and under the conditions stated, instantaneously. As she journeys home she infers Terence’s 

                                                
3 From R. T. W. Arthur, “Time Lapse and the Degeneracy of Time: Gödel, Proper Time and Becoming in Relativity 
Theory,” in The Ontology of Spacetime II, ed. Dennis Dieks, Elsevier, 2008, pp. 207-227.  
4 Herbert Dingle (1890-1978) was an English astronomer who wrote a standard textbook on relativity theory 
before becoming a vociferous opponent in his old age. See his 1972. 
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clock to advance only 6.4 years, yet it will read 20 when she returns to Earth. So, at the time she sets 

out from Alpha Centauri for the journey home, it must read 13.6. Yet the instant before, the instant she 

arrives at Alpha Centauri, she would have inferred it to have read 6.4 years! So, instantaneously, it 

would have had to have jumped 7.2 (= 13.6 – 6.4) years.  

 So it’s not that Astrid’s instantaneous (and wholly unphysical) acceleration introduces a time 

dilation; it’s that it discontinuously skews her temporal orientation. Now if we were to follow Putnam’s 

informal way of speaking, we would say that Astrid “experiences” 7.2 years going by in an instant: events 

that were “present according to her co-ordinate system” are discontinuously displaced 7.2 years into 

the past of “her-now” according to that same system. In actual fact, however, no such wrenching change 

of her experience of the present occurs. These are facets of a sloppy use of the ideas of “observer’s 

reference frame” and the observer’s “present”, and a failure to distinguish between the time an observer 

might infer an event to occur from when the observer would see it occurring.5 In fact, it will be worth 

going over the whole thing in some detail to see how this could be the case. Taking my cue from the 

lucid account of the twin paradox given by Paul Davies in his recent book, I shall re-examine the thought 

experiment by conducting it in three stages.6  

 First, just to get our bearings, let us assume a Cartesian cosmos, in which light is a pression that is 

transmitted instantaneously, and durations are completely independent of the state of motion of the 

enduring thing. We equip each twin with a very powerful telescope and a very large clock, and then 

suppose Astrid to leave for Alpha Centauri at 0.6c. This is very straightforward. The Tellurian twin sees 

his astronaut sister arriving at Alpha Centauri 10 years after she left, and sees his sister’s clock register 

those 10 years. When Astrid arrives at Alpha Centauri she sees Terence’s clock register that ten years 

have passed, and sees him aging a year per year as she returns home. 

 Now let’s assume a Dopplerian universe. In this universe, it is known that Descartes was wrong 

not to have listened to his mentor Beeckman: light travels at a finite speed c (in Terence’s Tellurian 

frame of reference). Otherwise the universe is classical, as before. Now things are interestingly different 

for the interstellar twins: because light takes 6 years to travel from Alpha Centauri to Earth, when 

Terence actually sees the event of Astrid’s arrival there, 16 years will have passed since they parted! He 

sees Astrid’s clock register only 10 years while his has registered 16. (Astrid’s clock is apparently 

running slow by a factor 5/8 compared to his). He is then even more surprised to see his sister take 
                                                
5 Cf. Lawrence Sklar (1974, 272): “One must always be careful in special relativity to distinguish what an observer 
actually sees, literally, from what he computes to be the case”. 
6 Davies (1995, 59-65) considers the twin paradox by “equip[ping] our twins with a powerful telescope so that 
they can watch each other’s clocks throughout the journey,” and then discusses what clock readings they would 
see, distinguishing the Doppler effect from the time-dilation effect. 



Lecture Notes for Origins of Spacetime, 2012, Week 5 

 7 

only 4 years to return, and watches his sister’s clock running at 2.5 times the speed of his own; thus, as 

Terence views Astrid’s return trip and all the processes happening in it, he sees them appearing to occur 

four times as fast (2.5 ÷ 5/8) as during the trip outwards! Astrid has an analogous experience. When she 

arrives at Alpha Centauri, she observes Terence’s clock to be reading only 4 years. For the image of the 

clock registering 4 years travels the 6 light-years to Alpha Centauri to arrive there 10 years later (all 

from Terence’s frame of reference). So Astrid sees Terence’s clock has been running 2.5 times as slowly 

as hers (i.e. at 2/5 speed)! But on the way home she sees it to be running 1.6 times as fast: in the ten 

years it takes Astrid to return, Terence appears to her to age 16 years! Thus she, too, is puzzled to see 

her twin’s clock going 4 times as fast (1.6 ÷ 2/5) as it was on the outgoing leg of the journey. But the 

twins’ puzzlement is relieved when they learn about the Doppler effect: Events and processes occurring 

in a frame of reference in motion towards an observer appear to be speeded up (“blue shift”); occurring 

in a frame of reference in motion away from an observer they appear to be slowed down (“red shift”). 

 Still, this does not explain the discrepancy in their experiences. Granted there is a certain 

symmetry: each twin sees the other’s clock running 4 times as fast on the return trip as it was on the 

way to Alpha Centauri. But if all inertial motion is relative, they should have experienced the same red 

shift while moving apart, and the same blue shift when moving back towards one another. That they 

didn’t is explained by the fact that we have taken the speed of light to be c in Terence’s frame only. If 

the speed of light is also c in Astrid’s frame of reference, then the situations are entirely symmetrical, 

and Astrid should see Terence’s clock run slow on the outward trip by a factor of 1.6, and fast on the 

return journey by a factor of 2.5. Thus when she reaches Alpha Centauri, she should see Terence’s 

clock read 10 × 5/8 = 6.25 years. But then Terence would age 20 – 6.25 = 13.75 years while she returns. 

This is a long way short of his aging calculated by the Doppler factor 2.5, 10 × 2.5 = 25 years, an obvious 

impossibility! In short, the assumption that the speed of light is the same in all frames of reference is at 

variance with the assumption of classical physics that all inertial motion is relative. 

 This, then, is the kind of discrepancy that physicists faced at the beginning of the twentieth century. 

All the experimental evidence seemed to suggest that the speed of light is the same in all inertial 

reference frames. But this is incompatible with the requirement that everything will appear the same 

from each inertial reference frame, unless something else gives. In terms of the twin example, the only 

way for Astrid to see a Doppler effect equal to Terence’s is if the length of the journey in a frame of 

reference in relative motion were to suffer a contraction along the direction of motion by a factor of  

√(1 – v2/c2) =  √(1 – 0.36) = 0.8. (That the dimensions of a body are distorted in this way by their 
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motion through the aether was independently suggested by George FitzGerald and Hendrik Lorentz,7 

taken up by Joseph Larmor, and generalized by Henri Poincaré.) But this also implies a similar effect on 

the rates at which processes occur: they must slow up by the same factor in a frame of reference in 

relative motion. In terms of the present example, if the twin in motion at 0.6c covered a distance of only 

4.8 light years (6 × 0.8) in her own frame of reference, then this would take her only 4.8 ÷ 0.6 = 8 years 

(= 10y × 0.8) in that frame. Time for the moving twin would, from the point of view of the stationary 

one, run more slowly by a factor of 0.8. This is the so-called time dilation effect, partially understood by 

Larmor and Lorentz, but first explicitly articulated by Einstein,8 and now known to be a really occurring 

effect. Lorentz and company, of course, assumed that all these dilations and contractions could be 

referred to the frame in which the aether is at rest, and would effectively prevent one from detecting 

which frame this is. This is where Einstein stepped in: he dispensed with the unobservable-in-principle 

aether, so that each inertial frame would be on the same ontological footing. 

 So let us assume, finally, an Einsteinian universe for our twins. As before, when Terence actually 

sees the event of his sister’s arrival at Alpha Centauri, his own clock registers 16 years. But, because of 

time dilation, Astrid’s clock registers only 8 years, and thus appears to Terence to be running slow by a 

factor of 2, i.e. 1/2 as fast as his. On the return leg, Terence sees his sister’s clock advance 8 years whilst 

his only advances 4; so the clock (and the aging processes of his sister and everything moving with her) 

appear to be running fast by a factor of 2. Despite these appearances, of course, Terence (who is now a 

whiz at physics) can infer that in each case the effect is 0.8 times what would be expected from the 

Doppler effect alone: a lag by a factor of 5/8, multiplied by 0.8, gives 1/2; a speeding up by a factor of 2.5 

times 0.8, yields 2. Thus he infers that Astrid’s clock is running slow because of time dilation.  

 Astrid, on the other hand, on looking back to Earth as she is arriving at Alpha Centauri 8 years 

later, sees the Tellurian clock register 4 years, as before. By Astrid’s reckoning, the image has travelled 

eight years to get to Alpha Centauri, so Terence’s clock appears to Astrid to be running slow by a factor 

of 2. On the return leg, Astrid sees her brother’s clock advance its remaining 16 years whilst hers only 

advances 8; so the clock (and the aging processes of her brother and everything moving with him) 

appear to be running fast by a factor of 2. Again, she can calculate that since the effects should have been 

5/8 and 2.5 if they were due to the Doppler effect alone, the difference is due to the fact that Terence’s 

                                                
7 Harvey Brown, in his (2005, 3, 45-55), explains that the conjecture of FitzGerald and Lorentz was that the 
dimensions of the body were altered in a certain ratio, not that there was a physical contraction along one of 
them. See also Mauro Donato, “Relativity theory between structural and dynamical explanations,” forthcoming in 
International Studies in Philosophy of Science, preprint p. 7. 
8 For an authoritative discussion of the extent to which Larmor, Lorentz, and Poincaré did and did not anticipate 
Einstein’s discovery of time dilation, see Brown (2005), esp. ch. 4. 
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time is slowed relative to hers by the time dilation factor 0.8. (During her 8 years on the outward leg, 

she sees Terence’s clock move 4 years when it should have moved 5 by the Doppler effect alone, since 

8 times the Doppler effect of 5/8 = 5; on the way back she sees Terence’s clock move 16 years instead 

of the 20 that would be 8 times the Doppler effect of 2.5). Thus the situation is entirely symmetrical: 

while they are in relative motion, each twin suffers an inferred time dilation, a slowing-down of the aging 

process, from the point of view of the other. And in terms of what appears, they both see their twin 

sibling’s clock running slow by a factor of 2 while they are moving apart, and running fast by a factor of 2 

when they are approaching one another. 

 This shows us that the scenario depicted is entirely consistent. But how does it resolve the 

paradox? If everything is symmetrical, then why don’t the twins age by the same amount? The usual (and 

correct) explanation is as follows: although while the twins are in constant relative motion the situations 

are indeed perfectly symmetrical, this is not so for their journeys or paths through spacetime as a 

whole. For in this thought experiment, the terrestrial twin Terence undergoes no acceleration, whilst 

his adventurous astronaut sister must decelerate through      –0.6c on arrival at Alpha Centauri, and 

then accelerate through another –0.6c to the same speed in the opposite direction. On the other hand, 

in the idealized conditions of the thought experiment, any time dilations due to the accelerations are 

ignored. But although this explanation is perfectly correct, it leaves a lingering sense of puzzlement. If 

the difference in the ages of the twins is not due to any time dilation caused by acceleration, and yet 

while they are in inertial motion relative to one another each sees the other’s time dilated by the same 

factor, how does the asymmetry in the paths taken result in a difference of time elapsed for each twin? How is a 

difference in paths even relevant to the situation? To many people, this has suggested that the difference in 

the twins’ ages is due to a time dilation caused by acceleration. 

Thus it is often said that the reason for the discrepancy in the twins’ ages is that whereas Terence is in 

inertial motion throughout, Astrid is the one who really moves because of her acceleration, although 

this acceleration lies outside the scope of the theory. This seems to imply that it is Astrid’s (here 

instantaneous) non-inertial motion that is responsible for the dilation.9  Some even go so far as to claim 

or imply that Special Relativity applies only to systems in inertial motion10, and that a proper resolution 

                                                
9 See for instance J. J. C. Smart, (1968, 231): “The clock paradox comes from the following fallacious bit of 
reasoning. In our calculations we have taken Jack to be at rest and Jim to be moving with a velocity of either +v or 
–v relative to him. Equally, it is said, we could take Jim to be at rest… The fallacy in the reasoning is that the first 
calculation (showing Jim to be younger than Jack) was correct, because Jack has been in the same inertial system 
throughout. However Jim had to be accelerated at Alpha Centauri…” 
10 To cite two contemporary examples from the world wide web:. “However, this resulted in a limitation inherent 
in Special Relativity that it could only apply when reference frames were inertial in nature...” 
(http://en.wikipedia.org/wiki/Inertia); “This dilemma highlights a limitation of the Special Theory of Relativity that 
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of the paradox must therefore involve General Relativity.11 But this is incorrect. On the one hand, 

Special Relativity is perfectly applicable to accelerated motions, and on the other, although the fact of 

Astrid’s acceleration is a necessary condition for their taking different paths through spacetime, the time 

dilation is due to the different paths, not an effect of the acceleration itself.12 

 To see this, we can construct a journey for each of the twins with equivalent non-inertial paths as 

follows. Suppose the trusty Terence tires of his terrestrial tenure, and takes residence in Telstar, a 

nearby space-station, a doughnut shaped ship that simulates gravity by rotating. To relieve tedium, 

Terence sets it spinning very fast about an inertial point, so that for precisely the period (say, 2 years, in 

the terrestrial frame) in which Astrid is decelerating at –0.6c a year, and undergoing a corresponding 

time dilation due to this acceleration (leaving her D years younger, where 0<D<2), Terence undergoes 

an exactly corresponding time dilation due to his rotational acceleration. Now when Astrid returns, she 

will be between 16 years and 18 years older, and Terence will be between 20 and 22 years older, and 

they will differ in age by exactly 4 years. In the reference frame of the inertial point near earth, exactly 

22 years will have passed.13 But in their paths through spacetime, the twins will have been in inertial 

motion for the same 20 years with respect to that point and its inertial frame, and will have undergone 

time dilation due to their accelerations for the same two years in that frame. Yet one is still 4 years 

older than the other. It follows that it can’t be said that Special Relativity applies only to systems in 

inertial motion —if that were so, there could be no explanation of the Twin Paradox in the theory. But 

we have just so explained it! Thus the difference between the ages of the twins is not due to one’s being in 

inertial motion, the other not. Both their ages are true measures of time, in the original thought 

experiment, as well as in this modified version. 

 The correct conclusion is that it is not any difference between inertial frame-times that accounts 

for the difference in the twins’ ages, but the difference in their paths through spacetime. It is the time 
                                                                                                                                                       
we have already alluded to. It only applies to observers in uniform motion, and not to accelerated frames.” 
(http://theory.uwinnipeg.ca/mod_tech/node141.html). 
11 Cf. this analysis on the Encyclopedia Britannica internet site: “The answer is that the paradox is only apparent, for 
the situation is not appropriately treated by special relativity. To return to Earth, the spacecraft must change 
direction, which violates the condition of steady straight-line motion central to special relativity. A full treatment 
requires general relativity, which shows that there would be an asymmetrical change in time between the two 
sisters. Thus, the “paradox” does not cast doubt on how special relativity describes time, which has been 
confirmed by numerous experiments.” http://qa.britannica.com/eb/article-252886. 
12 One suspects that Einstein himself unwittingly contributed to this misunderstanding by using arguments in his 
(1918) from General Relativity to defend the consistency of the Special Theory. But in fact what Einstein is 
defending is not the self-consistency of SR attacked by Dingler, but the consistency of the account of time dilation 
due to accelerated motion in SR with the General Relativistic equivalence of acceleration with gravity.  
13 Of course, the physical situation could be made even more realistic, if desired, by having Astrid accelerate away 
from Earth to his speed of 0.6c, and then decelerate to zero on return. But again, this could be compensated for 
by having Terence spin his Telstar for the same period. 
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elapsing along a particular path in spacetime that measures how fast the processes traversing that path 

are going, how fast the people or things undergoing them are aging, how fast they are becoming. In the 

non-Euclidean metric of Minkowski spacetime, it is the longest, not the shortest, time interval between 

two spacetime points that is given by the straight line in spacetime connecting them.14 The longer the 

spacetime path between them, the shorter the time elapsed along that path. In the original thought 

experiment, Astrid travels along two sides of a triangle, and Terence by the remaining side; in the 

modified version, Astrid’s straight lines are joined by a curve, while Terence’s straight line is interrupted 

by a spiral of the same length. In each case Astrid’s path is longer, and the time elapsed shorter. It 

follows that it can’t be said, as one often reads, that the duration of processes in relativity theory is 

relative to an inertial frame. In the sense of time lapse that is relevant to the twin paradox —how much 

time elapses for each twin— it is simply false that time lapse is frame-dependent, i.e. depends on the inertial 

frame adopted. Indeed, the duration of each twin’s journey through spacetime is an invariant measure: it 

is the same in all inertial reference frames. 

                                                
14 This is not to say that this feature of the Minkowski metric is causally responsible for the fact that the time lapse 
is longest along an inertial path, an interpretation against which Harvey Brown has argued in detail in his (2005). 


