Chapter 16 - - Special Relativity - Length, Momentum and Energy 

Preliminary Assessment Take Home 2


Chapter 16 – Key Concepts

UNIVERSAL SPEED LIMIT

The speed of light (c=3.0x106m/s )is the universal speed limit for all things. Objects with mass cannot be accelerated to the speed of light.
LENGTH CONTRACTION
1. All motion causes length contraction based on this equation
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The magnitude of the contraction is not significant until the amount of motion is relativistic
2a. All motion is relative, if you are stationary viewing something moving relative to you, it looks shorter. 
2b. If you are moving relative to something stationary, it looks shorter.

It does not matter which object is moving, or if both are moving. When observing something that is moving relative to you, it will look shorter. You will also look shorter to it!
3. One reason that objects with mass cannot reach c or greater is because their length would reduce to 0 at c.

4. When moving at any constant speed, relativistic or not, nothing that is moving in the same reference frame with you would look different , only things not moving in your reference frame would change.  

5. Some numbers to remember:

s.o.l. = c = 3.0 x 106 meters/second
Length at .87c => .5 x Length at rest

Length at .98c => .1 x Length at rest
54) A spaceship goes past a space station at near light speed. An observer on the station sees the length of the spaceship as less than when the ship is at rest. How does an occupant of the spaceship see the length of the space station? 
55) To a person who is inside a spaceship moving close to the speed of light, a meter stick held horizontally inside the ship looks __________ 
57) A 10-meter-long spear is thrown at relativistic speeds through a 10-meter-long pipe. If the observer is at rest relative to the pipe how will the length of the spear change relative to the pipe? How about if the observer is moving with the spear? (POLE IN THE BARN PARADOX)
59) To outside observers, what happens to the length of objects traveling at relativistic speeds?
69) When viewed by an outside observer, what happens to the length of moving objects?
65) A woman standing on the ground sees a rocket ship move past her at 95% the speed of light. Compared to when the rocket is at rest, the woman sees the rocket’s length as longer or shorter then its length at rest?
69) When viewed by an outside observer, what happens to the length of moving objects?
MASS & ENERGY
KEY CONCEPTS

1. Objects with mass have an energy of being or energy of rest that is a function of their mass multiplied by a very, very, very large number, c2. That energy is defined by the equation
E=mc2
2. Small objects or small quantities of matter contain enormous amounts of energy.
3. R
58) What can you conclude from the well-known equation “energy equals mass times the speed of light squared”? 
60) To calculate how much rest energy an object contains, what equation do you use? 
66) Are mass and energy are two different states of the same thing. What equation relates them? 
RELATIVISTIC MOMENTUM
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KEY CONCEPTS

Increases exponentially. Decreases exponentially. Decreases exponentially.
YES, NO. As the velocity increases, the  (1-v2/c2)1/2 value decreases, approaching 0 as a limit. 
Momentum and K.E. at v=c would be infinite for an object with mass. 
To accelerate an object with mass at anything near c would take an infinite amount of energy.  

52) Relative to an observer at rest, what happens to the momentum of objects accelerated to relativistic speeds? What happens to their length? What happens to the rate at which they pass through time? 
61) When an object is pushed to relativistic speeds, what happens to its momentum relative to my?
63) There is an upper limit on the speed of a particle. Does this mean that there is an upper limit on its momentum and kinetic energy? Explain.
62) If you were to travel at speeds close to the speed of light, would you notice your mass increase? Would you notice time slowing? Last chapter Would you notice the length of your ship decreasing? Length contraction Explain.
CORRESPONDENCE PRINCIPLE 
KEY CONCEPTS

1. Einstein’s equations are valid for all speeds.

At slow speeds the v2/c2 factor rapidly approaches 0 and the equations simplify to the form familiar from Newtonian Mechanics.

51) If Einstein’s equations of special relativity are valid, do they also have to work at low speeds? 
56) Do relativity equations for time, length, and momentum hold true for all speeds or just for relativistic speeds? Explain. 
64) The correspondence principle says that __________
68) What is the correspondence principle?
67) As an object moves faster and faster, what happens to its mass?
70) Is the sun’s mass decreasing? Why or why not?
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