
Electric charges 
that are not in 
equilibrium.

Not electrostatics



❑ Study the flow of electric charges through a piece of material depends on the material 

through which the charges are passing and the potential difference across the material. 

Whenever there is a net flow of charge through some region, an electric current is said to 

exist.

Charges in motion through an 

area A. The time rate at which 

charge flows through the area is 

defined as the current I. The 

direction of the current is the 

direction in which positive 

charges flow when free to do so.

❑The current (I) is the rate at which 

charge flows through this surface. 

average current (Iav) is equal to the 

charge that passes through A per unit 

time

instantaneous current (I)

as the differential limit of 

average current.

Charges passing through 

the surface can be positive 

or negative, or both.



1 A of current is equivalent to 1 C of charge passing through the surface area in 1 s.

❑ It is conventional to assign to the current the same direction as the flow of positive 
charge. 

❑ Moving charge (positive or negative) as a mobile charge carrier. For example, 

the mobile charge carriers in a metal are electrons.

❑ In an ordinary conductor, the direction of the current is opposite the direction 

of flow of electrons.

❑ In electrical conductors, such as copper or aluminum, the current is due to the motion of 

negatively charged electrons.



❖ The volume of a section of the 

conductor of length region  is A Δx. 

n represents the number of mobile 

charge carriers per unit volume

(the charge carrier density)

❖ The speed of the charge carriers vd is an average speed called the drift speed.



❑When a potential difference is applied

across the conductor (for example, by 

means of a battery), an electric field is 

set up in the conductor; this field exerts 

an electric force on the electrons, 

producing a current.

❑ The electrons do not move in straight lines 

along the conductor. Instead, they

collide repeatedly with the metal atoms, and 

their resultant motion is complicated and

zigzag. 

❑ Energy transferred from the electrons to

the metal atoms during collisions causes 

an increase in the vibrational energy of 

the atoms and a corresponding increase 

in the temperature of the conductor.

Note that the net

motion of the electron is 

opposite the direction of 

the electric field





This example shows that typical drift speeds are very low. For instance, electrons

traveling with a speed of 2.22 x 10-4 m/s would take about 75 min to travel 1 m.

Electrons do not have to travel from the light switch to the light in order for the light to 

operate. Electrons already in the filament of the lightbulb move in response to the electric field 

set up by the battery. Notice also that a battery does not provide electrons to the circuit. It 

establishes the electric field that exerts a force on electrons already in the wires and elements 

of the circuit.



Selected Solved Problems (Chapter # 27)



❖ 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.

❑ 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.

J direction is opposite the 

direction of motion for 

negative charge carriers.

In some materials, the current density is proportional to the electric field:

The constant of proportionality σ is called the conductivity of the conductor.



Ohm’s law states that

❖Materials that obey Ohm’s law 

and hence demonstrate this 

simple relationship between E 

and J are said to be ohmic.

❖Materials and devices that do not 

obey Ohm’s law are said to be 

nonohmic. 



❑ Consider a segment of straight wire of 

uniform cross-sectional area A and length 𝑙, 

❑ A potential difference ΔV = Vb - Va is 

maintained across the wire, creating in the 

wire an electric field and a current.

J = I/A

The quantity R = 𝑙/σA is called the 

resistance of the conductor

❑ Resistance has SI units of volts per 

ampere. If a potential difference of 1 V 

across a conductor causes a current of 1 A, 

the resistance of the conductor is 1 Ω . 



❖ The inverse of conductivity is resistivity ρ

❖ ρ has the units ohm-meters (Ω. m)

Because  R = 𝑙/σA

❖ Resistivity is property 

of a substance,

❖ Resistance is a property 

of an object.

Resistance of wire is proportional

to its length and inversely 

proportional to its cross-sectional area









Selected Solved Problems (Chapter # 27)



❑ Resistivity of a conductor varies approximately linearly with temperature

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) 

α is the temperature coefficient of resistivity. (the rate of change of Resistivity per 

degree change in the temperature from a substance’s original temperature.)



❑ Resistance is proportional to resistivity (Eq. 27.11)



❑Resistivity versus temperature for a metals and semiconductors

Metals (copper), resistivity is nearly 

proportional to temperature.

α is positive

Resistivity usually reaches some 

finite value as the temperature 

approaches absolute zero. 

Pure semiconductor  (silicon or

germanium), resistivity decreases 

with increasing temperature.

α is negative 



Selected Solved Problems (Chapter # 27)



A circuit consisting of a resistor of

resistance R and a battery having a 

potential difference ΔV across its 

terminals. Positive charge flows in 

the clockwise direction.

❖To calculate the rate of energy transfer

➢ Imagine following a positive quantity of charge Q 

that 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

➢ 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. 

➢ In this process, the energy is transformed to internal 

energy corresponding to increased vibrational 

motion of the atoms in the resistor.



❖ The rate at which the system loses electric potential energy as

the charge Q passes through the resistor:

❖ Power represents the rate at which 

energy is delivered to the resistor

❖ Used to calculate the power delivered by a voltage 

source to any device carrying a current I and having 

a potential difference ΔV between its terminals



I is expressed in amperes, ΔV in volts, and R in ohms

SI unit of power is the watt.

❖ Power is lost as internal energy in a conductor of resistance R is 

often called joule heating.

❖ Because power = I ΔV, the same amount of power can be transported either at high 

currents and low potential differences or at low currents and high potential 

differences. 

❖ Utility companies choose to transport energy at low currents and high potential 

differences primarily for economic reasons.
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Selected Old exam questions (Chapter # 27)
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