
  
  

 
 

 

 

 

 
 

 

 

 

 

 

 

 

 
 

 

  
  

 S207 The Physical World 

Assignment 05 2014 

Tutor-marked assignment S207–05 
Covering: Dynamic fields and waves 

Cut-off date: Thursday 19 March 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: KU3–KU5 

Cognitive skills: CS1–CS7 

Key skills: KS1, KS2, KS4 

Please note that each TMA in this module carries 50 marks in 
total. 
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Question 1 

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

(a) A capacitor carrying charge q0 with capacitance C, and a solenoid with 
inductance L are connected as shown in Figure 1. At time t = 0 the switch is 
closed. At time t the charge on the capacitor is q(t) and the current through 
the circuit is i(t). 

For this resonant LC circuit, give expressions (in terms of q, i, C and L) for 
the period T of the charge and current oscillations; for the electrical energy, 
Eel, stored in the capacitor; for the magnetic energy, Emag, stored by the 
solenoid. (3 marks) 

(b) (i)	 If the solenoid has inductance L = 1.00 H, and the energy in the 
oscillations is E0 = 4.5 μJ, what is the maximum value, i0, of the current 
through the circuit? 

(ii) Given that the capacitor has an initial charge, q0 = 30 μC, what is the 
value, C, of the capacitance? (9 marks) 

(c) What is the frequency, f, of the oscillations? (3 marks) 

C 

L 

Figure 1 For use with Question 1. 

Question 2 

This question is worth 15 marks, which is 30% of the total marks for this 
assignment and relates to Chapter 2. This question is designed to test your 
understanding of waves and wave propagation. 

(a) (i)	 Use the Huygens principle to explain how plane parallel wavefronts are 
diffracted at a single aperture. (5 marks) 

(ii) Use the principle of superposition to explain how coherent light emerging 
from two narrow slits can interfere to produce a pattern on a distant 
screen. (4 marks) 

(b) A laser produces a beam of monochromatic light of wavelength 633 nm, 
which is incident normally on a diffraction grating whose slits are vertical. 

(i)	 Describe the form of the diffraction pattern that is seen on a distant 
screen. Comment on the colour of the pattern. (3 marks) 

(ii) If the fifth order in the pattern is seen to occur at an angle of 39.3° with 
respect to the incident beam, how many slits per mm does the grating 
contain? (3 marks) 
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Question 3 

This question is worth 20 marks, which is 40% of the total marks for this 
assignment and relates to Chapter 4. 

(a) A spaceship moves with speed vs = 0.80c directly towards a space station. It 
despatches a food-supply package (containing all the main courses) to the 
station with speed vr = 0.40c with respect to itself. What is the main-course 
supply package’s speed v′r  with respect to the station? (4 marks) 

(b) A second supply package (containing all the desserts) is mistakenly 
despatched before the spaceship’s cargo ejection system has fully recharged, 
and consequently departs from the spaceship towards the space station at a 
speed of only vd = 0.010c. What is this second package’s speed vd′  with 

respect to the station?	 (2 marks) 

(c) If an inexperienced crew member on the space station erroneously used the 
Galilean velocity transformation, what results would he get for the speeds of 
the two supply packages? Comment on these answers in the context of 
causality, and in comparison to the values you calculated in parts (a) and (b).

 (4 marks) 

(d) If the main-course package travels with constant speed and takes time 
ΔT = 5.0 days to arrive as measured by the crew member on the space station, 
what distance does it travel in the frame of reference of the space station? 
Give your answer in units of light-days, the distance travelled by light in one 
day. (3 marks) 

(e) How much time elapses in transit as measured by a clock travelling with the 
main-course supply package? (4 marks) 

(f)	 Assuming that the difference in times of despatch, and the difference in 
distance travelled by the two consignments are both negligible, calculate the 
difference in arrival times at the space station between the main-course 
consignment and the dessert consignment. (3 marks) 

3 




