
Chapter 28

Special Relativity



Albert Einstein

� 1879: Born in Germany.

� 1895: Failed an entrance exam to 
allow him to study electrical 
engineering at a university in Zurich.

� 1902-1909: Worked at a patent 
office in Bern, Switzerland. During 
this time he wrote many theoretical 
physics papers in his spare time, all 
without close contact to other 
physicists.

� 1905: Wrote three seminal papers, 
one of which specified what would 
later become known as the theory of 
Special Relativity.



All of special relativity is based upon two simple 
assumptions

The laws of physics are the same in every inertial reference 
frame. 

Recall an inertial reference frame is a non-accelerating frame. This means 
the velocity of the frame you are referencing in a measurement is moving 
at a constant velocity (may or may not be zero). 

The speed of light in a vacuum (measured in a inertial 
reference frame) is always c. This is not affected by the 
relative speed of the light source and the observer.

No matter how fast the light source and the observer are approaching each 
other, the speed of light is always 3.00 

�

 108 m/s (in a vacuum).

Postulates of Special Relativity



The Relativity Postulate

� This postulate states that no 
inertial reference frame is better 
than any other.

� This indicates there is no single 
rest frame from which you 
should always base your 
measurements upon.

� This also indicates the 
measurement of something will 
yield the same result whether the 
laboratory is stationary or 
mounted aboard a moving truck.
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The Speed of Light Postulate

Intuition leads you to believe that if the speed of light is 3.00 

�

 108 m/s then, if 
you move the source of light toward the observer at a rate of 15 m/s, the total 
speed of the light should be:

however, very precise measurements confirm:

v � 15

�

3

�

108 m
s

v � 3.00

�

108 m
s



Two Very Strange Consequences of 
Special Relativity

	 Time Dilation


 time increases different for 
an observer at rest in his/her 
reference frame than it does 
for another observer in a 
moving frame.

	 Length Contraction


 An object, which is a certain 
length in its own rest frame, 
may look much shorter in 
another frame.



Time Dilation

How do we measure time?  Recall that velocity is 
given by:

so we simple measure the distance light travels 
divided by its velocity to determine how long it 
takes to transverse the distance. 

In the example on the left, take the distance 
between  the mirror and the source/detector 
platform to be 1 meter. In this case, light will take

v �

distance
time

� time �

distance
velocity

t 


2

�

1m

3.00

�

108 m

�

s


 6.67

�

10

� 9 seconds



Time Dilation (2)

Now we mount our experiment on a space 
craft which will fly over our heads.

The astronaut will measure the same time we 
calculated before because he is in the same 
frame as the spacecraft and thus the 
experiment does not move relative to him.

To an observer on the ground however, the 
distance the light travels is much different. 
Here we find:

t � 2

�

D 2 �

L 2

D is the same distance of 1 meter between the experimental mirror and source/detector. L is 
the distance between the point where a light pulse leaves the source and where the observer 
is standing (conveniently, the light hits the mirror at the same time the spaceship is directly 
overhead making a right triangle!).  Even if  you don't know how long the distance L is, it 
is easy to see that any value of L makes the time greater than the astronaut measures.



Time Dilation (3)

The difference in time between an observer in the same reference frame as the observable 
and that of an observer in a frame outside this reference frame is given by:

where: t  = time in the measured by an observer outside the rest frame of the experiment.
to = time measured by an observer in the rest frame of the experiment. This is 

known as the proper time!
v = the relative velocity between the two frames
c = the speed of light in a vacuum

If you look closely at the equation, you will find that as the speed approaches the speed of 
light in a vacuum, the time difference increases!

�

t �

�

t 0

1 �

v2

c2



Length Contraction

We have constructed a spacecraft and measure its length to be 100 meters on Earth. We 
launch the craft and are traveling at a speed of 0.8c . Suddenly, we receive a call from our 
engineers questioning what happened to our craft since they are measuring a much shorter 
length than 100 meters! 

You simply reply “You forgot to take relativistic length contraction into account!”  

This contraction really exists and is described by: L � L 0 1 �

v2

c2



Length Contraction (2)

This occurs because the transmission of information does not happened instantaneously. 
In fact, the fastest we can transmit information is using a data stream composed of light. 
Even though the speed of light is quite large, it is still finite!

Imagine there is a train car moving left to 
right in front of you. It has two lights on it, 
one in the front and one on the rear of the 
cart. If you first look at the rear light and at 
the same time look at the front one, you 
find the cart appears shorter than it should 
because each light takes the same time to 
reach your eyes (explained in class). 



Relativistic Momentum

It is not hard to imaging that if measured time and 
measured length are effected by which reference frame 
you are measuring from, then momentum should also 
be modified since it contains both a length and time in 
its description.

Classically:

Relativistically:

For common speeds, we find v2/c2 to be a very small 
number, (1 – small #) �  1, and we recover the classical 
momentum equation.

p = m v � m

�

L

�

t

p �

 m v

1 �

v2

c2



Matter and Energy

Einstein also showed that mass and energy are 
intrinsically related by a simple equation.

If the velocity of the object is zero, we find:

This is known as the object's rest energy!

E  

m c2

1 !

v2
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E 0
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Energy and Mass

Say you have one penny in your hand. A penny weighs 2.5 grams or 2.5 
#

 10-3 kg. 

The rest energy of a penny is:

One gallon of gasoline, when burned, produces 1.21 
$

 108 Joules of energy.

Therefore, if you could convert all the mass of a penny into energy, you have the 
equivalent of 1.86 million gallons of gasoline, enough to travel about 46 million miles 
before you needed to drop another penny into your “ tank”  !
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