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Question One    

a. What is an X-ray?               [1 mark] 

 

b. Medical X-ray machines typically operate at a potential difference of 1.00 × 10
5
 V. 

Calculate the minimum wavelength their X-ray tubes produce when electrons are 

accelerated through this potential difference.       [3 marks] 

 

c. Describe the production of X-rays.        [4 marks] 

 

d. Explain six (6) uses of X-rays.       [12 marks] 

 

Question Two              

a. State the Uncertainty Principle and write its mathematical expression.                 [3 marks] 
 

b. Compare the de Broglie wavelength for an electron moving at a speed equal to 1.00×10
7
 

m/s with that of a baseball of mass 0.145 kg pitched at 45.0 m/s.    [5 marks] 
 

c. The speed of an electron is measured to be 5.00×10
3
 m/s to an accuracy of 0.003%. Find 

the minimum uncertainty in determining the position of this electron.    [7 marks] 
 

d. Mention five (5) properties of X-rays.        [5 marks] 

Question Three 

a. What is radioactivity?          [2 marks] 

 

b. The half-life of I131  is 8.04 days. 

i. Convert the half-life to seconds.           [2 marks] 

ii. Calculate the decay constant for this isotope.       [3 marks] 

iii. Convert 0.500µCi to the SI unit the Becquerel.       [2 marks] 

iv. Find the number of I131  nuclei necessary to produce a sample with an activity of 

0.500µCi.                 [2 marks] 
   

c. Explain the Alpha decay, Beta-minus decay and Gamma decay processes and write their 

decay equations using the symbols X and Y to represent the parent and daughter nuclides 

respectively.             [9 marks] 

 

Question Four 

a. Rutherford and his students (Hans Geiger and Ernest Marsden) bombarded very thin gold 

foil with α-particles. In this experiment, he studied the trajectory of the α-particles after 

interaction with the thin sheet of gold. 

i. What three observations were made in this experiment?     [3 marks] 

ii. On the basis of the observations made during the experiment, what conclusions were 

made?            [3 marks] 

b. What are the frequency and wavelength of a photon emitted during a transition from 

5n  state to the 2n  state in the hydrogen atom?      [4 marks] 
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c. All the possible subshells for the energy levels 1n up to 4n are tabulated below. 

Principal Quantum 

No. 

Azimuthal Quantum 

No. 

Subshell Orbitals Electrons Total 

1n       

2n      
 

    

3n      

     

    

4n      

 
    

    

    
 
Fill in the columns of the table with correct information concerning the azimuthal 

quantum number, the subshells, the number of orbitals, the number of electrons in the 

subshell and the total number of electrons in the energy level.   [10 marks]  

 

Question Five 

a. Bohr’s model of the atom was no doubt an improvement over Rutherford’s nuclear 

model, as it could account for the stability and line spectra of hydrogen atom. However, it 

has some limitations. Explain two limitations of Bohr’s model of the atom.   [4 marks] 
  

b. Write the electronic configuration for the following atoms. 

i. Iron (26 electrons)            [1 mark] 

ii. Gallium (31 electrons)           [1 mark] 

iii. Aluminium (13 electrons)          [1 mark] 

iv. Calcium (20 electrons)          [1 mark] 

v. Boron (5 electrons)            [1 mark] 

vi. Carbon (6 electrons)            [1 mark] 

vii. Nitrogen (7 electrons)           [1 mark] 

viii. Oxygen (8 electrons)           [1 mark] 

ix. Fluorine (9 electrons)           [1 mark] 

x. Neon (10 electrons)            [1 mark] 

c. Show that the general formula for the electron orbital energy (the sum of its kinetic and 

potential energy) is given by;
 r

e
kvm

2
1E

2

e

2

e  .      [6 marks] 
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Question Six 

a. State the Pauli Exclusion Principle.                                                             [2 marks] 

b. The electron energy for the hydrogen atom in terms of energy levels is given by; 











22

42

ee

n
n

1

2

ekm
E

  
By using the values of the constants, appropriate conversions and by showing the 

cancellation of units, without skipping any steps, show that this expression can be 

simplified to eV
n

13.6
E

2n  .          [6 marks] 

c. An electron in the hydrogen atom transitions to the first excited state ( 2n ) with a 

velocity of 1.09 × 10
6
m/s. Using the Bohr theory of the atom, calculate; 

i. the radius of the orbit           [2 marks] 

ii. the kinetic energy in eV         [2 marks] 

iii. the potential energy in eV         [2 marks] 

iv. the total energy in eV          [2 marks] 
 

d. Explain the following; 

i. Emission spectra          [2 marks] 

ii. Absorption spectra          [2 marks] 

Question Seven 

a. What is half-life?                [1 mark] 
 

b. The table below summarises the properties of Alpha, Beta and Gamma radiation. 

Complete the table by filling in the correct information. The first one is done for you.    

Property α ray  β ray γ ray 

Nature  i. Helium nucleus Negatively charged 

particles (electrons) 

Uncharged 

electromagnetic 

radiation 

Charge  +2e -e ii. __________ 

Penetrating 

power 

Low. Can be stopped 

by a thin sheet of paper 

Moderate. Can be 

stopped by an 

aluminium sheet 

 

iii. __________ 

 

Deflection by 

magnetic field 

They are deflected less 

than beta particles 

because they have a 

higher mass 

 

iv. _______________ 

 

 

They are not 

deflected by 

magnetic field. 

Ionizing ability v. ________________ 

 

Medium  0 

             [4 marks] 

c. The half-life of the radioactive nucleus Ra226

88  is 1.6 × 10
3
 years. If a sample initially 

contains 3.0 × 10
16

 such nuclei, determine 

i. The initial activity in curies.           [5 marks] 

ii. The number of radium nuclei remaining after 4.8 × 10
3
 years    [4 marks] 
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d. Starting from the equation teNN  0
, derive the expression for the half-life of a 

radioactive element.          [6 marks]  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

END OF EXAMINATION 


