
Problem Set 4. 
1. Show that E2=m0

2c4+p2c2 starting from the expression for energy mass equivalence and the 
special relativity expression for momentum. 
 
2. A muon is a particle that decays to an electron and a neutrino.  For this problem assume the 
mass of the neutrino is zero.  a-c  are properties you can look up 
a)  what is the rest mass of the muon in units of kg?   
b) what is the are masses of the muon and electron  in units of eV/c2? 
c) what is the lifetime of the muon in microseconds? 
d) suppose the muon decays at rest. Using conservation of momentum and energy (in SR) calculate the 
kinetic energy (in eV) and speed (in v/c) of the electron produced. 
e) calculate the kinetic energy (in eV) of the neutrino produced. 
 
3. Two protons collide head on with equal speeds. What is the minimum fraction of the speed of 
light must the protons travel at to create a final state that consists of  4 protons, 2 anti-protons, and two 
100 MeV energy photons? 
 
4. (a) At what wavelength will the human body radiate the maximum radiation? 
(b) Estimate the total power radiated by a person of medium build (approximating a person as a 
cylinder 165 cm in height and 13 cm radius). 
 
5. A radio transmitter radiates 10 kW at a frequency of 800 Khz. How many photons does the 
transmitter radiate per second? 
 
6. Calculate the energy range of photons of visible light with wavelengths from 700 nm to 400 nm.  
Express your answers in units of electron volts. 
 
7. When sodium metal is illuminated with light of wavelength 420 nm, the stopping potential is 
found to be 0.65 V; when the wavelength is changed to 310 nm the stopping potential is 1.69 V. Using 
only these data and the values of the speed of light and the electronic charge, find the work function of 
sodium and a value of Planck's constant. 
 
8. A pion has a rest energy of 135 MeV.  It decays into two gamma ray photons.  A pion moving 
through the laboratory at v=0.98c decays into two gamma ray photons of equal energies, making equal 
angles (ϑ) with the original direction of motion.  Find the angle ϑ and the energies of the two gamma 
ray photons. 
 
Extra Credit.  Suppose 109 muons are created 6 km above the ground, each with 1 GeV of total energy 
and travel straight down toward the ground. 
a) How many would reach to ground ignoring SR time dilation? 
b) How many would reach the ground including SR time dilation? 
c) Where was this experiment first done successfully? (Not Mt Washington N.H.) 


