Special Relativity Review Sheet

A Summary of Topics:

· Einstein’s Two Postulates:

· Principle of Relativity:  The laws of physics have the same form in all inertial reference frames.

· Constancy of the Speed of Light:  Light propagates through empty space with a definite speed c independent of the speed of the source or observer. (c = 3.0x108 m/s)
· A light-year, a unit of distance, is the distance that light travels in one year.  In terms of c, a light year can be expressed as [(c)(# of years)].  This sometimes makes units much easier to work with.
· As a result of these two postulates . . . 

· Simultaneity:  Two events that are simultaneous in one frame of reference need not be simultaneous when viewed from a second reference frame moving relative to the first reference frame.

· Time Dilation:
· Moving clocks are MEASURED to run slowly.

· Time is observed to move slower when viewed from a second inertial reference frame.  However, the moving person does not “live” any longer.  In fact, to the moving person, the initial person’s time also appears to be slower.
· 
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Proper Time:  the time interval between two events that occur at the same location within a single inertial reference frame.  This is usually measured by the observer within the moving reference frame.
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 the dilated time measured by an observer at rest relative to the normally moving reference frame.
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· 
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the relative velocity between the two reference frames.
· Length Contraction:

· The length of a moving object (in the direction of relative motion) is MEASURED to be shorter than it is when measured at rest.

· Dimensions perpendicular to the relative velocity are unaffected.  They retain their original height or width.

· 
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Proper Length:  the length (or distance) as measured by an observer at rest with respect to that length (or distance).
· 
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 the contracted length measured by an observer in motion with respect to the length itself.

· It is usually helpful to assume that one of the two reference frames is stationary.

· This relationship can be used to relate the measured times and lengths of two observers who are in constant relative motion to one another at speed 
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· Relativistic Addition of Velocities:

· 
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· To solve Relativity of Velocities Problems:

1. Identify the two reference frames by which motion is measured.

2. Assign one of the reference frames to have the prime notation (frame S’) and the other to have no prime (frame S).

3. Assign values to variables:

· u = speed of the object measured from the S reference frame

· v = the relative speed between S and S’ (always make the direction of v your positive direction)

· u’ = speed of the object measured from the S’ reference frame

4. Select reference frames so that you are always solving for u, not u’ – it can be done either way but the algebra is much, much easier if you set things up so that you are solving for u.

· Mass / Rest Energy / Total Energy / Relativistic KE / Relativistic Momentum
· The mass of an object observed moving is different than the mass the object would have when viewed at rest.

· 
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 the rest mass; the mass an object is observed to have when viewed at rest.

· 
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 the mass of the object when viewed in motion

· Rest energy = the energy something has by virtue of its mass =
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· When an object is viewed in motion, the Total Energy = Rest Energy + KE
· 
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· An object’s kinetic energy, when its motion is relativistic, must be modified to

· 
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· An object’s momentum, when its motion is relativistic, must be modified to

· 
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· When the speed is much less than c, measurements of time and space, momentum, energy, and kinetic energy become identical for all observers regardless of their relative motion.

Review Problems  The following problems have been adapted and modified from Halliday, Resnick & Walker, Fundamentals of Physics, 5th Ed. 1997; John Wiley & Sons, Inc., New York.


Please note – examples of all types of problems that may be on the test are not provided here.  Refer to your homework and examples given in class for a complete set of examples.

1. A clock moves along the x axis at a speed of 0.600c and reads zero as it passes the origin.
a) Calculate the Lorentz factor.  [1.25]

b) What time is displayed on the clock’s face as it passes x = 180 m?  [8.00x10-7 seconds]

c) At this moment, what time would a stationary clock at the origin read if it also read zero at the moment the moving clock read zero?  [1.00x10-6 seconds]
2. A physics student on a skateboard moves at 0.62c relative to the ground.  The student, as she approaches a trash can, spits her gum out of her mouth horizontally toward the trash can at a speed of .47c relative to the moving skateboard.

a) What velocity does the school’s litter enforcement officer see for the piece of gum if the officer is standing on the ground?  [.84c, in the direction of her motion]
b) What velocity does the school’s litter enforcement officer see for the gum if the student spits her gum out backwards, opposite the direction of her motion?  [.21c, in the direction of her motion]
3. Galaxy A is reported to be receding from us with a speed of 0.35c.  Galaxy B, located in precisely the opposite direction, is also found to be receding from us at this same speed.  Both of these measurements were taken from here on Earth.  What recessional speed would an observer on Galaxy A find

a) For our galaxy?  [.35c]
b) For Galaxy B?  [.62c]

4. A spaceship whose rest length is 350 m has a speed of 0.82c with respect to a certain reference frame.  A micrometeorite, also with a speed of 0.82c in this frame, passes the spaceship on an antiparallel track (parallel but in the opposite direction .  How long does it take this object to pass the spaceship as measured on the ship?  [1.2x10-6 seconds]
5. A particle has a speed of 0.990c in a laboratory reference frame.  What are its kinetic energy, its total energy, and its momentum if the particle is 

a) A proton (rest mass = 1.67x10-27 kg)  [KE = 9.15x10-10 J; E = 1.07x10-9 J; p = 3.52x10-18 (kg)(m)/sec]

b) An electron (rest mass = 9.11x10-31 kg)?  [KE = 4.99x10-13 J; E = 5.81x10-13 J; p = 1.92x10-21 (kg)(m)/sec]
6. In the previous problem, if the kinetic energy for both particles were determined without accounting for relativistic effects, would these kinetic energies be higher or lower (consider this before calculating them)?  By what percent would the kinetic energies for both particles differ from the actual values when relativity is considered?  [proton = 91.95%; electron = 91.95%]
7. How much work must be done to increase the speed of an electron from 
a) 0.180c to 0.190c?  [1.60x10-16 J]
b) .980c to .990c?  [1.69x10-13 J; it gets much more difficult to accelerate the electron as its speed approaches the speed of light . . . by a factor of 1000]
· Note that the speed increase is 0.010c in both cases.  (Hint:  think about how work and kinetic energy are related from our last unit on energy).

8. What is the speed of a particle
a) Whose kinetic energy is equal to twice its rest energy? [.942c]
b) Whose total energy is equal to twice its rest energy? [.866c]
9. A 5.00 grain aspirin tablet has a mass of 320.0 mg.  For how many miles would the energy equivalent of this mass power an automobile?  Assume 30.0 mi/gal and a heat of combustion of 1.30x108 J/gal for the gasoline used in the automobile.  [6.65x106 miles]
10. In a high-energy collision between a cosmic-ray particle and a particle near the top of Earth’s atmosphere, 120.0 km above sea level, a pion is created.  The pion has a total energy E of 2.160x10-8 J and is traveling vertically downward.  In the pion’s rest frame, the pion decays 35.00 ns after its creation.  At what altitude above sea level, as measured from Earth’s reference frame, does the decay occur?  The rest energy of a pion is 2.2336x10-11 J.  [109.8 km]
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