AP Physics – Special Relativity LP

1881  -  Michelson's Failed Experiment

   inferometer

luminiferous aether
Einstein

First Postulate of Special Relativity: 

All motion is relative.  All reference frames are arbitrary.

no absolute reference frames.  

All laws of nature are same in all frames 

No experiment can detect reference frame
Second Postulate of Special Relativity:
The speed of light in a vacuum will always have the same value for all reference frames.

speed of light is a constant everywhere and everytime!
Flashlight light   --   c  


No matter what the frame of reference is




Time Dilation: 

"light" clock.  

ship accelerates to near light speed
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Spaceman Spiff – 

light path is straight up and down 

light travels at c




observer on nearby planet

light travels a much longer path 

he would measure the speed of light as c

distance covered is greater
speed of light  =  distance divided by time




if distance is bigger --  time has to increase 
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[image: image3.wmf]
ct  =  distance measured by outside observer

ct0  =  distance measured by spaceman

vt   =  distance spacecraft travels in elapsed time.

two right triangles

hypotenuse is ct
altitude is ct0
base is vt.

Pythagorean theorem -- C2 = A2 + B2 


c2t2  =  v2t2     +      c2t02




c2t02  = c2t2  -     v2t2         



divide both sides by c2
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Solve for t
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Time Dilation Equation


t0   (   proper time
time measured within a single reference frame 

t   (   Relative time 

measured for event that occurs in different reference frame

· A spacecraft travels to a nearby star at 50.0 % of light speed.  How many years pass on earth during one year (1.0 years) of ship time?
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0.99 c
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Time dilated on spacecraft

within reference frame everything behaves perfectly normal

All laws same

· trip where at  a speed of 0.90 c.  When you get back, your mom says, "Where have you been these last 25 years?"  How long does your calendar say you've been gone?
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· You are planning a mission to a distant star system. want it to take 25 earth years. Want 2.0 years for the ship time –it’s just about all you can take.  How fast does the ship have to go?
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Experimental Confirmation of Time Dilation: 

1971 J.C. Hafele and R.E. Keating -- three very precise cesium clocks around the earth on board a commercial aircraft.  

lifetime of muon  --  2.200 10-6 s.  (2.200 (s)

CERN - Beams of muons at 0.9994 c

Measure average lifetime for the muons 

muons act like tiny clock

always take the same time to decay.

lifetime measured -- 63.5 (s


[image: image26.wmf]0

2

2

1

t

t

v

c

=

-




[image: image27.wmf](

)

2

2

2.200

0.9994

1

s

t

c

c

m

=

-





[image: image28.wmf]2.200

63.518

0.03466336

s

ts

m

m

==


Length Contraction: 
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The astronauts see the earth as being contracted.

· Stateroom measures 2.05 m in length (along major axis of ship). Starship Herpes is traveling at 0.985 c.  What length for the stateroom would Space Center Earth measure?
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· The distance from Federation Outpost Seven at Betty Lou 16 to the earth is 25  LY.  The starship USS Herpes is moving at 0.99 c.  What distance would the navigator of the starship measure?
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relativistic momentum:
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Relativistic momentum always greater 

Mass and Energy: 

total energy of object:
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If v is zero  -- kinetic energy =  zero

total energy becomes         E = mc2.  
rest energy   (    E0

E0  =  mc2

Rest energy equation

Nuclear reactions give off energy  

tiny mass difference before and after  

Fission and fusion 

· The sun radiates energy at the rate of 3.92 x 1026 W.  ( a )  What is the change in the sun's mass in one second?   ( b )  How much mass does the sun lose in the lifetime of your average earthling (say, 75 years)?

( a ) 
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Let this energy  =  rest energy
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m = 4.36 x 109 kg



 ( b )  
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10 312 272 000 x 109 kg  
(
1.03 x 1019 kg
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