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Chapter 27 
Current and Resistance  
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27.3 A Model for Electrical Conduction  
•   Consider a conductor as: atoms + free electrons (conduction 

electrons).  
•  In the absence of an electric field  

•  The conduction electrons move in random directions similar to the motion 
of gas molecules. 

•  No current because the drift velocity of the free electrons is zero.  
•  No net flow of charge.  

•   When an electric field is applied. 
•  The free electrons drift slowly in a direction opposite that of the electric 

field, with an average drift speed vd. 
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27.3 A Model for Electrical Conduction  
•   The acceleration of the electron is  
 
•  This acceleration, which occurs for only a short time interval 

between collisions, enables the electron to acquire a small drift 
velocity.  

•  The velocity of the electron at time t (at which the next collision 
occurs)  

•  τ average time interval between successive collisions.  
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27.3 A Model for Electrical Conduction  
•   The magnitude of the current density is  

•  where n is the number of charge carriers per unit volume.  

• Comparing this expression with Ohm’s law, J =σE, we obtain the 
conductivity and resistivity of a conductor:  
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27.4 Resistance and Temperature  
•  The resistivity of a conductor varies 

approximately linearly with temperature 

• where ρ is the resistivity at some temperature T 
(in degrees Celsius), ρ0 is the resistivity at some 
reference temperature T0 (usually taken to be 
20°C), and α is the temperature coefficient of 
resistivity.  

•    
•  The unit for α is degrees Celsius-1 [(°C)-1].  
• Because resistance is proportional to resistivity, 

we can write the variation of resistance as  
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•    
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27.6 Electrical Power  
•  If a battery is used to establish a current in a conductor, there is 

a continuous transformation of chemical energy in the battery to 
kinetic energy of the electrons to internal energy in the 
conductor, resulting in an increase in the temperature of the 
conductor.  

•  Imagine a positive charge Q is moving clockwise around the 
circuit.  

• As the charge moves from a to b through the battery,  
•  The electric potential energy of the system 
   increases by an amount Q ΔV while the  
   chemical potential energy in the battery  
   decreases by the same amount.  
   (ΔU = q ΔV)  
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27.6 Electrical Power  
•  The charge moves from c to d through the resistor, the system 

loses this electric potential energy during collisions of electrons 
with atoms in the resistor.  

• Because we have neglected the resistance of the 
interconnecting wires, no energy transformation occurs for paths 
bc and da.  

•  The rate at which the system loses electric potential energy as 
the charge Q passes through the resistor:  

•  The rate at which the system loses potential energy as the 
charge passes through the resistor = the rate at which the 
system gains internal energy in the resistor.  
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27.6 Electrical Power  
•   The power, is the rate at which energy is delivered to the 

resistor, is  

•  The SI unit of power is the Watt. 

10 



11 



  
•    
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