
Introduction to Theoretical Physics   Exam. 1  Friday, Sept. 29, 2006 
 

Print Name_________________________Signature_________________________ 
 

There are 5 problems on 2 pages. Use 1 blank page per problem. 
 

1.) Waves. 
 
 a. Write the differential equation for an electromagnetic wave wavelength λ  and  
 speed   c in 3 dimensional Cartesian coordinates. (Remember, the electromagnetic 
 field is a vector field.) 
 
 b. Using complex notation write the general expression for an electromagnetic in 
 Cartesian  coordinates.  
 
 c. Show the answer to b. is a solution to a.  
 
 d. Write the answer to b. assuming the wavelength is 500 nm,  is wave traveling 
 in the x-y plane making an angle of 300 relative to the x axis and polarized along 
 the z axis with an amplitude of 2 V/m.  
 
 
2.) Length and time. 
 
A π+(pion) decays with a mean life τ = 26 ns. A shower of pions in the upper atmosphere 
are created when a high energy cosmic proton collides with a nucleus 
in the upper atmosphere. Suppose one such pion has a total energy of 1 GeV. 
 
 a. What is its speed β in units of the speed of light. 
 
 b. What is the mean life Δt for an observer on earth? 
 
 c. How far does it travel if its decay time in its own rest frame is τ = 26 ns? 
 
 d. From the pion’s point of view, the earth and it’s atmosphere are moving toward 
 the pion. What thickness of atmosphere does the meson think it traversed before it 
 decayed? 
 
3.) Simultaneity. 
 
Two events happen at the same time at positions x1=0 and x2= 10 m.  From the point of 
view of a reference frame moving with speed 0.9c, what are the time ′t1 and ′t2  and the 
time interval between the two events. Assume that both their clocks are calibrated to 
read 0 when the origins of their coordinates overlap. 
 



4.) Velocity transformation. 
 
Space ship A is launched away from the earth at a speed 0.99c. Spaceship B is launched 
in the opposite direction with the same speed, 0.99c. How fast is spaceship A moving 
away from spaceship B as viewed by an observer on spaceship B. 
 
5.) Invariance of energy/momentum 
 
A π+(pion) decays into a µ+ (muon) and a ν (neutrino) 
 
 a.  Obtaining  an expression for the the square of the energy-momentum 4-vector,  
      S=P2 for a π+ at rest.  
 
 b. Find an expression for S=P2 for the µ+ plus ν  system  after  the  pion’s decay. 
 
 c. Equate the results of a. and b.  to find an equation for the energy of the  
    emitted ν . 
      ( Note,  since the pion was initially at rest, the resulting µ+ plus ν   are  in  their      
   common cm system.) 
 
 d. Using the data below, find the energy and velocities of the µ+ and ν. 
 pion, rest energy =140 MeV 
 muon rest energy = 106 MeV  
 ßneutrino, rest energy = 0 MeV 
 
 
 


