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Problem 1: Tipler 2-49 
Energy conservation:  2E E M cμ ν π+ = , since the pion decayed at rest. 
Momentum conservation: 0p pμ ν+ = , i.e. the muon and neutrino have equal and 
opposite momenta, again because the pion had zero momentum before decay. 
In the energy conservation equation, use the formula for energy in terms of momentum 
and rest mass energy.  Since in this part we’re assuming that the neutrino has no mass, its 
energy is just p cν . 
 

 ( ) ( ) ( )2 22 2M c p c p c M cμ μ ν π+ + =  

 
The terms ( )2p cπ and ( )2p cν  have the same magnitude, because of the momentum 

conservation equation; call it ( )2pc for the moment.  Rearrange the previous equation. 
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This is the magnitude of both the muon and neutrino momentum; they’re directed in 
opposite directions.  The energies are 
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b)  If the neutrino has non-zero rest mass, the energy conservation equation is 
 

 ( ) ( ) ( ) ( )2 22 22 2 2M c E E M c p c M c p cπ μ ν μ μ ν ν= + = + + +  

 
The two momenta terms have the same magnitude, as in (a). 
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The ( )2pc  terms cancel.  Collect all the rest mass energy terms on one side. 
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This small value of the neutrino mass makes a difference in the 4th decimal place in the 
parameters of this decay process.  This problem illustrates why it was unclear for a long 
time whether or not neutrinos have mass. 
 
The energy values are essentially the same as in (a). 
 
See the end of this document for another solution of this problem. 



Problem 2: Tipler 3-2 
 

 

Problem 3: Tipler 3-3 
 
 
 



Problem 4: Tipler 3-9 

 
 
 
 
 
Here’s the solution to Problem 1: Tipler 2-49 from the authors’ solution manual.  They do 
part (a) by calculating γ.  In part (b), I don’t know where the 250 keV comes from.  My 
book says the rest mass energy of the neutrino is 190 keV. 
 

 
 


