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Electric Current 

Â An electric current is a stream of moving charges.  

Â However, not all moving charges constitute an electric current.  

Â To have that, here must be a net flow of charge through a 

surface.  

Â Consider a flow of water through a garden hose. 

Ç The flow of water through a garden hose represents the directed flow of 

positive charge (the proton in the water molecules) at a rate of perhaps 

several million coulombs per second. There is however no net transport 

of charge because there is a parallel flow of negative charge (the 

electrons in the water molecules) of exactly the same amount moving in 

exactly the same direction! 

 



Electric Current:  the most common example 

Â The free electrons (conduction 

electrons) in an isolated length of 

copper wire are in random motion 

at speeds of the order of 106 m/s. If 

you pass a hypothetical plane 

through such a wire, conduction 

electrons pass through it in both 

directions at the rate of many 

billions per secondðbut there is no 

net transport of charge and thus no 

current through the wire.  

Â However, if you connect the ends 

of the wire to a battery, you slightly 

bias the flow in one direction, with 

the result that there now is a net 

transport of charge and thus an 

electric current through the wire. 

 

 

 



Electric Current 

Â The figure shows a section of a conductor, part of a conducting loop in which current 

has been established. If charge dq passes through a hypothetical plane (such as aaô) 

in time dt, then the current i through that plane is defined as: 

 

 

 

 

 

 

 

Â The charge that passes through the plane in a time interval extending from 0 to t is: 

 

 



Electric Current 

Â Under steady-state conditions, the current is the same for planes aaô, bbô, 

and ccô and for all planes that pass completely through the conductor, no 

matter what their location or orientation. 

 

 

 

 

 

 

Â The SI unit for current is the coulomb per second, or the ampere (A): 

 



Electric Current: Conservation of Charge, and Direction of Current 



Current Density 

Â The magnitude of current density, J, is equal to the current per unit area through 

any element of cross section. It has the same direction as the current. This is a local 

property. 

 

 

 

Â If the current is uniform across the surface and parallel to dA, then J is also uniform 

and parallel to dA, and then 

 

 

 

 

  

  

 Here, A is the total area of the surface.  

 

Â The SI unit for current density is the ampere per square meter (A/m2). 

 

 



Current Density 
Â Figure 26-4 shows how current 

density can be represented with a 

similar set of lines, which we can 

call streamlines.  

 

Â The current, which is toward the 

right, makes a transition from the 

wider conductor at the left to the 

narrower conductor at the right. 

Since charge is conserved during 

the transition, the amount of 

charge and thus the amount of 

current cannot change.  

 

Â However, the current density 

changesðit is greater in the 

narrower conductor. 

 



Current Density, Drift Speed 

Â What really happens with an electric current flowing in a 

conducting wire? 

 



Current Density, Drift Speed 

Â When a conductor has a current passing through it, the electrons move randomly, but 

they tend to drift with a drift speed vd in the direction opposite that of the applied 

electric field that causes the current. The drift speed is tiny compared with the speeds 

in the random motion. 

 

 

 

 

 

 

 

 

Â In the figure, the equivalent drift of positive charge carriers is in the direction of the 

applied electric field, E. If we assume that these charge carriers all move with the 

same drift speed vd and that the current density J is uniform across the wireôs cross-

sectional area A, then the number of charge carriers in a length L of the wire is nAL.  

Here n is the number of carriers per unit volume.  

 



Current Density, Drift Speed 

Â The total charge of the carriers in the length 

L, each with charge e, is then 

 

Â The total charge moves through any cross 

section of the wire in the time interval 

 

 

 is the current 

 



Resistance and Resistivity 

Â We determine the resistance between any two points of a conductor by 

applying a potential difference V between those points and measuring the 

current i that results. The resistance R is then 

 

 

 

Â The SI unit for resistance that follows from Eq. 26-8 is the volt per ampere. 

This has a special name, the ohm (symbol W): 

 

 

 

Â In a circuit diagram, we represent a resistor and a resistance with the 

symbol 



Resistance and Resistivity 



Resistance and Resistivity 

Â The resistivity, r, of a resistor is 

defined as: 

 

 

 

 

Â This is a local property. 

Â The SI unit for r is W m.  

 

Â The conductivity s of a material is 

the reciprocal of its resistivity: 

 



Resistance and Resistivity, Variation with Temperature 

Â The relation between temperature and resistivity for copperðand for metals 

in generalðis fairly linear over a rather broad temperature range. For such 

linear relations we can write an empirical approximation that is good enough 

for most engineering purposes: 

 

r = r 0(1+a (T - T0))



Resistance and Resistivity 

Calculating Resistance from Resistivity 



Ohmõs Law 



Ohmõs Law 



Power in Electric Circuits 

Â Charge dq moves through a decrease in 

potential of magnitude V, and thus its 

electric potential energy decreases in 

magnitude by the amount 

 

 

Â The power P associated with that transfer 

is the rate of transfer dU/dt, given by 

 

 

 

 

 

 

Â The unit of power is the volt-ampere (V  

A). 

 

 



Example, Rate of Energy Dissipation in a 

Wire Carrying Current 



Pumping Charges 

Â In order to produce a steady 

flow of charge through a 

resistor, one needs a 

ɼcharge pumpɽ, a device 

thatðby doing work on the 

charge carriersðmaintains a 

potential difference between 

a pair of terminals.  

 

Â Such a device is called an 

emf device, which is said to 

provide an emf. (emf stands 

for  electromotive force) 



Pumping Charges 

Â A common emf device is the battery. The emf device that 

most influences our daily lives is the electric generator, which, 

by means of electrical connections (wires) from a generating 

plant, creates a potential difference in our homes and 

workplaces.  

 

Â Some other emf devices known are solar cells, fuel cells. An 

emf device does not have to be an instrumentðliving 

systems, ranging from electric ceels and human beings to 

plants, have physiological emf devices. 

 



Work, Energy, and Emf 

Â In any time interval dt, a charge dq 

passes through any cross section of the 

circuit shown, such as aaɻ. This same 

amount of charge must enter the emf 

device at its low-potential end and 

leave at its high-potential end.  

 

Â The emf device must do an amount of 

work dW on the charge dq to force it to 

move in this way. 

 

Â We define the emf of the emf device in 

terms of this work: 



Work, Energy, and Emf 

Â An ideal emf device is one that has no internal resistance to 

the internal movement of charge from terminal to terminal. 

The potential difference between the terminals of an ideal emf 

device is exactly equal to the emf of the device. 

 

Â A real emf device, such as any real battery, has internal 

resistance to the internal movement of charge. When a real 

emf device is not connected to a circuit, and thus does not 

have current through it, the potential difference between its 

terminals is equal to its emf.  

Â However, when that device has current through it, the 

potential difference between its terminals differs from its emf. 



Calculating the Current in a Single-Loop Circuit 

Â P =i 2R     (dissipation in the 

resistor)  

Â The work that the battery does on 

this charge, is 

 



Calculating the Current in a Single-Loop Circuit 

Potential Method 



Calculating the Current in a Single-Loop Circuit 

Potential Method 



Other Single-Loop Circuits 

Internal Resistance 

Â The figure above shows a real battery, 

with internal resistance r, wired to an 

external resistor of resistance R. 

According to the potential rule 

 



Other Single-Loop Circuits 

Resistances in Series 


