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37-6 Momentum and Energy

In relativistic mechanics the definition of linear momentum is,

This equation gives the correct definition of momentum for all physically 

possible speeds. For a speed much less than c, it reduces to the classical 

definition of momentum ( p = mv ) .

An object’s mass m and the equivalent energy E0 are related by

which, without the subscript 0, is the best-known science equation of all time. 

This energy E0 that is associated with the mass of an object is called mass 

energy or rest energy. The second name suggests that E0 is an energy that 

the object has even when it is at rest, simply because it has mass. 

And if we assume that the object’s potential energy is zero, then its total energy 

E is the sum of its mass energy and its kinetic energy:

Another expression for total energy E is E = γmc2



37-6 Momentum and Energy

An expression for kinetic energy that is correct for all 

physically possible speeds, including speeds close to c is 

given by 

where                               is the Lorentz factor for the 

object’s motion.

The connection between the relativistic momentum

and kinetic energy is thus given by

and 

The relativistic and classical 

equations for the kinetic energy 

of an electron, plotted as a 

function of v/c. Note that the 

two curves blend together at 

low speeds and diverge widely 

at high speeds. Experimental 

data (at the ✕ marks) show that 

at high speeds the relativistic 

curve agrees with experiment 

but the classical curve does 

not.













37 Summary

The Postulates
• Einstein’s special theory of relativity is 

based on two postulates:

1. The laws of physics are the same for 

observers in all inertial reference 

frames. No one frame is preferred 

over any other.

2. The speed of light in vacuum has the 

same value c in all directions and in 

all inertial reference frames.

Length Contraction
• For an observer moving with 

relative speed v, the measured 

length is

Time Dilation
• For an observer moving with 

relative speed v, the measured time 

interval is

Eq. 37-21

Eq. 37-7 to 9

Eq. 37-13

The Lorentz Transformation
• The Lorentz transformation 

equations relate the space time 

coordinates of a single event as 

seen by observers in two inertial 

frames and are given by



37 Summary

Relativity of Velocities
• Relativistic addition of velocities is 

given by

Transverse Doppler Effect 
• If the relative motion of the light source is 

perpendicular to a line joining the source 

and detector, then

Relativistic Doppler Effect
• When the separation between the 

detector and the light source is 

increasing, the wavelengths are 

related by

• For speeds much less than c, the 

magnitude of the Doppler 

wavelength shift is approximately 

related to v by

Eq. 37-29 Eq. 37-37

Momentum and Energy
• The following definitions of linear 

momentum p , kinetic energy K, and total 

energy E for a particle of mass m are 

valid at any physically possible speed:

• These equations lead to the relationships

Eq. 37-32

Eq. 37-36

Eq. 37-47&48

Eq. 37-52

Eq. 37-42

Eq. 37-54

Eq. 37-55


