
  
  

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 

 
 

 

  
  

 S207 The Physical World 

Assignment 06 2014 

Tutor-marked assignment S207–06 
Covering: Quantum physics: an introduction 

Cut-off date: Thursday 23 April 2015 

Please do not repeat the question text from this document in your eTMA 
submission as this is likely to be registered as possible plagiarism by our 
automatic detection system, and may lead to delays in returning your 
assignment. 

Note: In all your answers you should pay due attention to vector notation, to the 
appropriate use of units and significant figures, and to the skills of problem 
solving and writing precise definitions. These skills have been developed 
throughout the course, particularly in the concluding chapters of the books you 
have now completed. 

In answering these questions take care to express all final answers to an 
appropriate number of significant figures. We recommend that you read Section 3 
of the Introduction and Guide before starting work on this assignment. 

This TMA is designed to test your achievement of the following learning 
outcomes for this course. 

Knowledge and understanding: KU6 

Cognitive skills: CS1−CS7 

Key skills: KS1, KS2, KS4, KS5 

Please note that each TMA in this module carries 50 marks in 
total. 

Question 1 

This question is worth 15 marks, which is 30% of the total marks for this 
assignment and relates to Chapters 1 and 3. 

Although the isotopes of hydrogen are the only neutral one-electron bound 
atomic systems, one-electron ions do exist and are important, particularly in the 
physics of stellar atmospheres, where the high temperatures can lead to multiple 
ionization of atoms. We saw in Chapter 1 of QPI that Bohr’s semi-classical 
model of the hydrogen atom led to the correct expression for the allowed energy 
levels of one-electron ions, in spite of the model’s inadequacies. 

Copyright © 2014 The Open University WEB 04170 8 
6.1 



 

   
  

 

  

 

 

  

 

 

 

 

 
 

  
  

  
  

  

 

 

 
 

  

 

 

 
 

 
 

 

(a) Following Bohr’s model, derive an expression for the allowed energy levels 
of an electron bound to a nucleus of charge +Ze. At each stage, state 
explicitly any laws, postulates or assumptions you employ. Express your 
answer in terms of the energy E1 of the first Bohr orbit in hydrogen. 

(11 marks) 

(b) Singly-ionized helium is referred to by spectroscopists as He II. Use your 
result from part (a) to calculate the ground-state energy of He II. Compare 
this with the ground-state energy of an electron in neutral helium (He I; see 
Figure 3.35 in QPI). What is the reason for the difference? (4 marks) 

Question 2 

This question is worth 20 marks, which is 40% of the total marks for this 
assignment and relates to Chapter 3. 

(a) By means of a simple table, summarize the four quantum numbers that are 
assigned to electrons confined in any atom. Include expressions for the 
allowed values of each quantum number. (8 marks) 

(b) Write down 

(i) Pauli’s exclusion principle 

(ii) Hund’s rule. 

What other principle needs to be employed in determining the electronic 
structure of the ground state of an atom? (3 marks) 

(c) Very briefly explain the main horizontal and vertical features of the Periodic 
Table in terms of the electronic structure and relevant quantum numbers. 

(3 marks) 

(d) Write down in standard notation the electronic structure for the four lightest 
elements in Group 0 of the Periodic Table. Hence comment on the chemical 
characteristics of the elements in this group. (6 marks) 

Question 3 

This question is worth 15 marks, which is worth 30% of the total marks for this 
assignment and relates to Chapters 3 and 4. 

(a) Explain in a few sentences and using your own words what is meant by the 
terms: 

(i) spontaneous emission 

(ii) stimulated absorption 

(iii) stimulated emission. (6 marks) 

(b) In what ways are the photons emitted during stimulated emission related to 
the incident (stimulating) photons? (3 marks) 

(c) What conditions must a collection of atoms meet in order to amplify an 
incident beam of light? (2 marks) 

(d) Very briefly describe how these requirements are met in a helium–neon laser.
 (4 marks) 
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