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Chapter 27 
Current and Resistance  
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27.1 Electric Current  
•  The current is the rate at which charge 

flows through this surface.  
•  If ΔQ is the amount of charge that passes 

through this area in a time interval Δt, the 
average current Iav is equal to the charge 
that passes through A per unit time:  
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•  If the rate at which charge flows varies in time, then the current varies in 
time; we define the instantaneous current I as the differential limit of 
average current:  

 
 
•  The SI unit of current is the ampere (A): 



27.1 Electric Current  
•  It is conventional to assign to the current the same 

direction as the flow of positive charge.  
•  The direction of the current is opposite the direction of 

flow of electrons.  
•  It is common to refer to a moving charge (positive or 

negative) as a mobile charge carrier. For example, the 
mobile charge carriers in a metal are electrons.  
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Microscopic Model of Current  
• Consider the current in a conductor of cross-sectional area A.  
•  The volume of a section of the conductor of length Δx. 
•   If n is the number of mobile charge carriers per unit volume (the 

charge carrier density), the number of carriers in the gray section 
is nA Δx.  

•  The total charge ΔQ is  
ΔQ = number of carriers in section x charge per carrier = (nA Δx)q 
 where q is the charge on each carrier.  

ΔQ = (nAvd Δt)q  
•  The Current in a conductor in terms of  
    microscopic quantities  

•  The speed of the charge carriers vd is an average  
   speed called the drift speed.  
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•    
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27.2 Resistance  
•  Consider a conductor of cross-sectional area A carrying a current I. 

The current density J in the conductor is defined as the current per 
unit area.  

 
 
•  where J has SI units of A/m2.  
•  This expression is valid only if the current density is uniform and if 

the surface of cross-sectional area A is perpendicular to the direction 
of the current.  

•  The current density is in the direction of charge motion for positive 
charge carriers and opposite the direction of motion for negative 
charge carriers.  

•  In general, current density is a vector quantity:  

•  A current density J and an electric field E are established in a 
conductor whenever a potential difference is maintained across the 
conductor.  
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27.2 Resistance  
•  In some materials, the current density is proportional to 

the electric field:  

• Where σ is called the conductivity of the conductor.  
• Materials that obey previous equation are said to follow 

Ohm’s law,  

8 



27.2 Resistance  
•  If the field is assumed to be uniform, the 

potential difference is 

•  The magnitude of the current density in the 
wire  

 
•  Because J=I/A, we can write the potential 

difference as  

•  The quantity R is called the resistance of 
the conductor.  

•  We can define the resistance as the ratio 
of the potential to the current. 
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27.2 Resistance  
•  The resistance has SI units of volts per ampere. One volt per 

ampere is defined to be one ohm (Ω):  

 
•  The inverse of conductivity is resistivity ρ 
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•    
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•    
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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.  

16 



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. 
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•    
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Cost  
• Cost = Power x time x price  
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•     
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Problems 

•    
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•    
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