
PHYS 1301 IDEAS OF MODERN PHYSICS 

Quantum Test 

The following are practice questions for the test. You will need a simple calculator in the test (phones 

not accepted). Appended to this document is self-study material to help you master the problems. 

The following formulas will be given on the test paper: 

P = h/λ  E = h f  kinetic energy = ½ m v2 (slow moving matter) 

Activity = λ N  t1/2 = 0.693/ λ 

h = 6.63 x 10-34 J s  1 eV =   1.6 x 10-19 J 1 u = 1.66 x 10-27 kg 
 

1. Photons 

 

1.1 Determine the energy in eV of a single photon in a beam of light of wavelength 450 nm. 

[2.8 eV] 

 

1.2 A laser produces 3.0 W = 3 J/s of light energy at wavelength 600 nm. How many photons per 

second are produced? 

[9.1 x1018] 

 

1.3 Photons of energy 5.0 eV strike a metal whose work function is 3.5 eV. Determine the 

maximum kinetic energy of the emitted electrons. 

1.5 eV  

 

 

 

2. De Broglie Wavelength 
 
2.1 What kinetic energy must each neutron in a beam of neutrons have if their wavelength is 

0.10 nm? The mass of a neutron is 1.67 x10–27 kg. 

[1.3 x10–20 J] 

 

2.2 Approximately, what is the de Broglie wavelength of an electron that has been accelerated 

through a potential difference of 150 Volts? The mass of an electron is 9.11 x10–31 kg and the 

electric charge is 1.6 x 10-19 Coulombs. A charge q Coulombs gains energy q Joules when moving 

through a potential difference of 1 V.  

[ 0.1 nm ] 

 

2.3 What is the kinetic energy of each electron in a beam of electrons if the beam produces a 

diffraction pattern which is similar to that of a beam of 1.00 eV neutrons? 

Note: The electron mass is 9.11 x 10–31 kg; and the neutron mass is 1.67 x10–27 kg. 

[1830 eV]  

 



 

 

3. Binding Energy 

 

3.1 The binding energy of an isotope of chlorine is 298 MeV. What is the mass defect of this 

chlorine nucleus in atomic mass units? 

[0.320 u] 

 

3.2 The proton has a mass of 1.007 28 u; and the neutron has a mass of 1.008 67. Use this 
information to determine the binding energy per nucleon of 232

90Th which has an atomic mass of 

232.038 054 u. 

[7.4 MeV] 

 

3.3 How much energy is required to remove a neutron (mass  = 1.008 665 u) from  
15

7N that has an atomic mass of 15.000 108 u to make 14
7N that has an atomic mass of 14.003 074 

u?  

[10.83 MeV] 

 

  

 

4. Radioactivity 

 

4.1 An isotope of krypton has a half-life of 3 minutes. A sample of this isotope produces 1000 
counts per minute in a Geiger counter. Determine the number of counts per minute produced 

after 15 minutes. 

[30] 
  

4.2 The same activity is measured for two different isotope samples. One sample contains 

0.0450 kg of 230
92U  (atomic mass = 230.033 937 u, t1/2 = 20.8 days). The second sample contains 

an unknown amount of  231
92U (atomic mass = 231.036 264 u, t1/2 = 4.3 days). What is the mass of 

the second sample? 

[0.0093 kg] 
 

4.3 The activity of carbon-14 in a sample of charcoal from an archaeological site is 0.04 Bq. 

Determine the age of the sample. The half-life of carbon-14 is 5730 years. 

[14 500 yr] 
 
























