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Terms to Know: velocity addition, relativistic momentum, energy, KE, rest energy

Learning Objectives from the beginning of the chapter in OpenStax College Physics
28.4. Relativistic Addition of Velocities
• Calculate relativistic velocity addition.
• Explain when relativistic velocity addition should be used instead of classical addition of velocities.

28.5. Relativistic Momentum
• Explain why the only mass it makes sense to talk about is rest mass.

28.6. Relativistic Energy
• Compute the total energy of a relativistic object.
• Compute the kinetic energy of a relativistic object.
• Describe rest energy, and explain how it can be converted

28.4 Relativistic Addition of Velocities
Classical Addition

What questions do you have on classical addition?

Relativistic Velocity Addition
Suppose a rocket traveling at 0.5c fires a missile ahead of the rocket.  The missile leaves the rocket at 0.7c with respect to the rocket.  

Q1. Why is the speed of the missile not 1.2c?

Special Relativity provides a way to add velocities and avoid arriving at a result faster than the speed of light. 

U = (V + U’) / (1 + (V * U’)/c2 )

V is the relative velocity between the two observers.   U’ is the velocity relative to the moving observer.

You should do this calculation with U’ = c.

28.5 Relativistic Momentum
Conservation of momentum is a fundamental law of physics.  In order to conserve momentum at high speeds an adjustment, by gamma, has to be made to the momentum of the moving objects.  The relativistic momentum is larger than the classical value of momentum by the factor of gamma.

The mass of the object does not actually increase.  Instead it behaves as if it has more mass in momentum and kinetic energy calculations.   

28.6 Relativistic Energy
Energy is conserved in Special Relativity.

Total Energy and Rest Energy
Total Energy   E = γ m c2         m is the mass of the object at rest, the only mass we will use.

If the speed is zero the object still has energy, a rest energy, E0 = mc2 .

Q2. What happened to the gamma symbol?????

Note that this equation tells us that mass is related to energy.  This has been confirmed in nuclear fission and fusion experiments.

Kinetic Energy and the Ultimate Speed Limit
When work is done on an object its kinetic energy increases (assuming no change in potential energy).

Work = KE       Work = E – E0      Work = (γ – 1) m c2      or      KE =  (γ – 1) m c2  

This is a more accurate calculation for KE than ½ m V2 .

Write your own summary of why no object can have a speed equal to the speed of light. 

How can sunlight be used to propel a spacecraft through the solar system?  Your explanation should not refer to sunlight making electricity or sunlight generating some chemical reaction that would fuel a rocket.

CORRESPONDENCE PRINCIPLE

Q3. What is the correspondence principle?  How does this principle help us understand the historical development of our understanding of the universe?

What questions do you have on the examples worked out in the textbook?

ANSWERS   ……………………..

Q1. Nothing can travel faster than light, 1c .

Q2.  Gamma has a value of 1 when V is zero.

Q3.  The equations of Special Relativity agree with (“correspond to”) the classical equations for low speeds.  Older physics discoveries used older technology that did not reveal more extreme physical situations.
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