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37-1 Simultaneity and Time Dilation

Einstein’s special theory of relativity is based on two postulates:

The dots show measured values of 

the kinetic energy of an electron plot-

ted against its measured speed. No 

matter how much energy is given to 

an electron (or to any other particle 

having mass), its speed can never 

equal or exceed the ultimate limiting 

speed c. (The plotted curve through 

the dots shows the predictions of 

Einstein’s special theory of relativity.)

We can also phrase this postulate to say that there 

is in nature an ultimate speed c, the same in all 

directions and in all inertial reference frames. Light 

happens to travel at this ultimate speed. However, 

no entity that carries energy or information can 

exceed this limit. Moreover, no particle that has 

mass can actually reach speed c, no matter how 

much or for how long that particle is accelerated.

Both postulates have been exhaustively tested, 

and no exceptions have ever been found.
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An event is something that happens, and every event can 

be assigned three space coordinates and one time 

coordinate. Among many possible events are (1) the 

turning on or off of a tiny light bulb, (2) the collision of two 

particles, and (3) the sweeping of the hand of a clock past 

a marker on the rim of the clock. 

If the relative speed of the observers is very much less 

than the speed of light, then measured departures from 

simultaneity are so small that they are not noticeable. 

Such is the case for all our experiences of daily living; that 

is why the relativity of simultaneity is unfamiliar.

Figure: The spaceships of Sally and Sam and the occurrences of events from 

Sam’s view. Sally’s ship moves rightward with velocity v. (a) Event Red occurs 

at positions RR’ and event Blue occurs at positions BB’; each event sends out 

a wave of light. (b) Sam simultaneously detects the waves from event Red and 

event Blue. (c) Sally detects the wave from event Red. (d) Sally later detects 

the wave from event Blue.
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Figure (a) shows the basics of 

an experiment Sally conducts 

while she and her 

equipment—a light source, a 

mirror, and a clock—ride in a 

train moving with constant 

velocity v relative to a station. 

A pulse of light leaves the light 

source B (event 1), travels 

vertically upward, is reflected 

vertically downward by the 

mirror, and then is detected 

back at the source (event 2). 

As in the example, if two successive events occur at the same place in an inertial 

reference frame, the time interval Δt0 between them, measured on a single clock 
where they occur, is called the proper time Δt0. Observers in frames moving 

relative to that frame such as observers on the track watching Sally and her 

equipment move past, will always measure a larger value Δt for the time interval on 

their clocks, an effect known as time dilation.  
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If the relative speed between the two frames is v, then

where              is the speed parameter and                          is the Lorentz factor.

Figure (a) shows the basics of 

an experiment Sally conducts 

while she and her 

equipment—a light source, a 

mirror, and a clock—ride in a 

train moving with constant 

velocity v relative to a station. 

A pulse of light leaves the light 

source B (event 1), travels 

vertically upward, is reflected 

vertically downward by the 

mirror, and then is detected 

back at the source (event 2). 









37-2 The Relativity of Length

If you want to measure the front-

to-back length of a penguin while 

it is moving, you must mark the 

positions of its front and back 

simultaneously (in your reference 

frame), as in (a), rather than at 

different times, as in (b). How to 

do that is not trivial.

If the relative speed between frames is v, the 

contracted length L and the proper length L0 are 

related by

where              is the speed parameter

and                          is the Lorentz factor.

Does a moving object really shrink? Reality is 

based on observations and measurements; if the 

results are always consistent and if no error can be 

determined, then what is observed and measured is 

real. In that sense, the object really does shrink. 

However, a more precise statement is that the 

object is really measured to shrink — motion affects 

that measurement and thus reality.






