
  

Special Relativity

Time Dilation 
The Twin Paradox
Length Contraction





  

V/C  (β) γ
0 1
0.5 1.15
0.90 2.29
0.99 7.09



  



  

SR-71 “Blackbird”  1966-1998
Manufacturer:  Lockheed “Skunk Works”

6 March 1990
 Los Angeles to Washington D.C. 
Time: 1 hour 4 minutes 19.89 seconds
Average Speed: 2,144.83 mph
Distance Covered 2299.67 miles

Suppose the 1 hour 4 minutes 19.89 seconds was 
measured by a clock on the ground.

Would a clock on the plane have registered 
      more time?
      less time?

By how much?











lawrence
Text Box
should beLp=sqrt(1-v^2/c^2)*Lg(L. Wiencke 9/12/2012)



  

“Bubble Chamber” Recording of tracks made by particles 
produced at a particle accelerator.  Only charged particles 
are visible. 



  

The bubble chamber picture of the first omega-minus particel 
detected.

Discovery of the Ω- Baryon

http://www.bnl.gov/bnlweb/history/Omega-minus.asp



  













What are the scientists saying? 
"We tried to find all possible explanations for this," the report's author 
Antonio Ereditato of the Opera collaboration told BBC News on Thursday 
evening.  
"We wanted to find a mistake - trivial mistakes, more complicated mistakes, 
or nasty effects - and we didn't. 
"When you don't find anything, then you say 'well, now I'm forced to go out 
and ask the community to scrutinise this'." 

http://operaweb.lngs.infn.it/�




Update on the OPERA measurement of faster (?) than light neutrinos 





Two clocks, separated by some distance, synchronized by a moving clock. 
 
We did something similar in Special Relativity.  What was it? 

NOTE: This may or may not be an issue for the OPERA project. 
Depends on details of the clocks and GPS systems. 
It is quite possible this effect has already been taken into account. 
 But it is still interesting to think about. 



Observer  
at Rest 

Separation is 0 
Everyone agrees  
clocks are synchronized 
(Correct for gammat term) 

Observer Moving at V 
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Observer Moving at V 
Sees clocks different by  VL/c*c 



Observer  
at Rest  
Sees clocks 
different by  VL/c*c 
 

Distance L 

Satellite Moving at V 
Used to synchronize clocks 
Clocks now synchronized relative to satellite. 



Observer  
at Rest  
Sees clocks 
different by  VL/c*c 
 

Distance L 

Satellite Moving at V 
Used to synchronize clocks 
Clocks now synchronized relative to satellite. 

Plug in V= 4000 m/s, L=730,000 m, c=3x108 m/s 
And you get ~30 ns.   



NOTE: The clock synchronization VL/c*c may not be an issue for the OPERA project. 
Depends on  details of the clocks and GPS systems. 
Which satellites are used and the ones used travel parallel to CERN/Gran Sasso 
line. 
 
It is quite possible this effect has already been taken into account or cancels 
because many different satellites are used. 
 But it is still interesting to think about. 
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