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Answer all questions. Calculators may be used. All necessary working must be shown. 
 

 

(1) (a)  Show that for a copper wire carrying a current I and having n conduction electrons per unit 

volume, the drift speed v of the electrons is given by:  

 

 
 

where A is the cross-sectional area of the wire and e is the electronic charge. (4) 

   
Let n be the number of electrons per unit volume. 
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 (b)  A slice of doped semiconductor material contains 8.8  10�� conduction electrons per cubic 

meter and an insignificant number of holes. When the semiconductor strip carries a current 

of 140nA, the drift speed of the electrons is 0.44ms-1. Given that the strip is 260nm wide, 

calculate the thickness of the strip. (3) 

   
 � ���� 

140  10�� � �8.8  10����260  10����	����������0.44��1.6  10���� 
��������� � 8.69  10� ! 
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 (c)  A silver wire has a diameter of 2.588mm and contains 5.8  10�#  conduction electrons per 

cubic meter. A charge of 880C passes through the wire in 45 minutes. Find:  

  (i) the current; (2) 

   � � 
	 

880 � 
�45  60� 


 � 0.326� 

 

  (ii) the drift speed in the wire. (2) 

   
 � ���� 

0.326 � �5.8  10�#� %&�2.588  10�'��
4 (��1.6  10���� 

� � 6.68  10�)!��� 

 

 (d)  Two conducting rods with different diameters are connected end to end. A current I is flown 

through the composite. Explain whether an electron maintains a constant speed throughout the 

composite or not. (2) 

   
The drift velocity in the thicker wire is smaller than the drift velocity in the thinner wire because 

for a constant current flowing through two conductors of the same material, the cross-sectional 

area is inversely proportional to the drift velocity. 

 

(2)   A 12V battery inside the engine compartment of a truck can supply a current of 1A for 180 

hours, through the electric circuit connected to it.  

 (a)  Calculate the charge in Coulombs that can flow in the circuit. (3) 

   � � 
	 

� � �1��180  60  60� 

� � 648,000+ 

 

 (b)  Assuming the terminal potential difference of the battery remains at 12V, determine the 

amount of electrical energy that the battery can deliver. (3) 

   , � -� 

, � �12��648,000� 
, � 7.78/0 

 

 (c)  Define the term ‘Electrical Potential Difference’ and write down a mathematical equation 

which represents your definition. (3) 

   
The electrical potential difference across any component can be defined as the amount of 

electrical energy converted into other forms of energy, by the component, for every Coulomb  
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of charge that flows through it. 

- � ,
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 (d)  Distinguish between ‘Electrical Potential Difference’ and ‘Electromotive Force’. (3) 

   
The electrical potential difference is associated with the amount of energy converted by a 

component for every Coulomb of charge that flows through it whereas the electromotive 

force is associated with the amount of energy converted by the battery for every Coulomb of 

charge that flows in the circuit. 

 

 


