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✓ So far, we have been studying the features of the electric charges when 

they were “still –or- not moving”. This is called Electrostatic situation. 


✓ Now we move to the situation when the charges move due to an external 

force. This is called Electrodynamic situation. 


✓ In this situation, we maintain the electric field by an external source 

“battery” within a conductor, and the conductor forms a complete circuit. 


✓ The electric field will apply force on the charges within the conductor.


✓ Positive charges are heavy, so they don’t really move.


✓ Electrons are much lighter, so they are the ones that move when field is 

applied.

Introduction:
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Definition: The electric current (I) is the rate at which charge flows through a 

surface. 

(Rate = number of something per time). 

The average current is the amount of charge that passes through surface A per unit 

time.  

Electric Current (I):

𝐼𝑎𝑣 =  
∆ 𝑄
∆ 𝑡

+

+

+

𝐼 =  
𝑑𝑄
𝑑𝑡

Current SI Unit: Ampere (A)

The instant current  is:

1 A  =  
1 C
1 s

+

+

+

A
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Current Direction: 

• The convention is the assign the direction of the current similar to the flow of 

positive charges.   

• The direction of the current is opposite the direction of the electrons flow.  

• The moving charge is called mobile charge carrier. For metals, the electrons are 

the mobile charge carriers. 

Electric Current (I):
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Microscopic Model of Current:
Electric Current (I):
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Microscopic Model of Current: 

• Assume that the conductor has a cross section area 

A, then the volume of the section that has a length 

Δx is (A Δx).  

• If the number of the mobile charge carrier per unit 

volume is n (charge carrier density), the number of 

the carriers in the gray section is (n A Δx). 

Electric Current (I):

• The total charge in this section is then: 

ΔQ = number of carriers in section x charge per carrier

∆ 𝑄 = (𝑛𝐴 ∆ 𝑥)𝑞
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Microscopic Model of Current:
Electric Current (I):

∆ 𝑄 = (𝑛𝐴 ∆ 𝑥)𝑞

∆ 𝑥 = 𝑣𝑑 ∆ 𝑡

∆ 𝑄 = (𝑛𝐴𝑣𝑑 ∆ 𝑡)𝑞

[displacement = velocity x time]

• Dividing both equations by Δt we get:

𝐼𝑎𝑣 =  
∆ 𝑄
∆ 𝑡

= 𝑛𝐴𝑣𝑑𝑞

• vd is called Drift Velocity (is the average velocity that a particle, such an 

electron, attains in a material due to an electric field). When there is no field, the 

electrons will move randomly and the average velocity = 0. 
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Molar mass of Copper is:  63.5 g ( = 1 mol)


Avogadro’s number = 6.022 x 1023
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Resistance (R):
Definition: The Current Density (J) is the current per unit area:
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Definition: The Current Density (J) is the current per unit area:
Resistance (R):

𝐽 =  
𝐼
𝐴

= 𝑛𝑞𝑣𝑑
𝐼 = 𝑛𝐴𝑣𝑑𝑞

Current Density SI Unit: Ampere/meter2 (A/m2) 

The current density is a vector, and the general form is: 

Another form is:

→
𝐽 =  𝑛𝑞→𝑣 𝑑

→
𝐽 =  𝜎

→
𝐸

→
𝐽 ∝

→
𝐸 Ohm’s Law

Ohm’s Law: For any material, the ratio of the current density to the electric field is 
a constant σ that is independent of the electric field producing the current

σ : constant called 
conductivity

Note: Not all materials obey Ohm’s law. Materials that obey Ohm’s law are called 

ohmic materials, and the ones that doesn’t obey it are called nonohmic materials. 
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Different form of Ohm’s Law: 
Resistance (R):
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Different form of Ohm’s Law:  

The potential difference between the two ends of 

the conductor:

Resistance (R):

∆ 𝑉 =  𝑉𝑏 −  𝑉𝑎 = 𝐸𝑙 (𝑟𝑒𝑚𝑒𝑚𝑏𝑒𝑟 𝑖𝑛 𝐶h25:   ∆ 𝑉 = 𝐸𝑑)

𝐽 =  𝜎𝐸 =  𝜎
∆ 𝑉
𝑙

∆ 𝑉 =  
𝑙
𝜎

 𝐽 =
𝑙

𝜎𝐴
 𝐼 

𝐽 =  
𝐼
𝐴

R (resistance)

∆ 𝑉 = 𝑅 𝐼 𝑅 =
∆ 𝑉
𝐼

 

Ohm’s Law

Resistance SI Unit: Ohm (Ω) = 1 Volt/ Ampere

1 Ω  =  
1 V
1 A
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Resistance (R):

𝑅 =
∆ 𝑉
𝐼

 

The resistance is a feature of the material, it reflects how much the material 
resists the charge passing through it.

How to imagine the relationship between current, potential and resistance: 
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Resistors

Ohmic material Nonohmic material

All circuits include what is called “Resistors”. The resistors control the current 
level in the various  parts of the circuit. 
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Useful Quantity: Resistivity (ρ) is the inverse of conductivity σ 

𝜌 =  
1
𝜎

Resistivity SI Unit: Ohm.m (Ω.m) 

We know that:

𝑅 =  
𝑙

𝜎𝐴
𝑅 =  

𝑙
𝐴

𝜌 𝜌 =  
𝐴
𝑙

𝑅

Note: DO NOT confuse ρ and σ with the volume and surface charge density we took 

in Ch25! They are different quantities. 
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Resistance (R) and Temperature (T):
Assume that at a temperature T0 = 20oC the resistivity for the conductor was ρ0 . 

When we increase the temperature to T, the resistivity will also change according 

to the formula: 

α is a constant called the temperature coefficient of 

resistivity 

The resistance R will also change with temperature 

according to:
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Electrical Power
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Electrical Power
After connecting the battery, the charges will move in the 

resistor and cause a change in the electric potential by:

∆ 𝑈 = 𝑄 ∆ 𝑉

The electric power P unit is Watt
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Electrical Power
After connecting the battery, the charges will move in the 

resistor and cause a change in the electric potential by:

∆ 𝑈 = 𝑄 ∆ 𝑉

The rate at which the system loses electric potential energy as the charge Q passes 

through the resistor
𝑑𝑈
𝑑𝑡

=  
𝑑𝑄
𝑑𝑡

∆ 𝑉 = 𝐼 ∆ 𝑉

The electric power P is the rate at which energy is delivered to the resistor:

𝒫 = 𝐼 ∆ 𝑉 = 𝑅 𝐼2  =  
Δ𝑉2

𝑅

The electric power P unit is Watt
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c (water) = 4186 J/kg.oC 
Assume that the price is 10 cents 
per kilowatt.hour
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Useful Equations:
If we have a material with mass m, and we want to increase its temperature by ΔT, 

then we need to transfer energy to this material call it Q (not charge – be careful!)  

This heat energy is given by (c is a constant called specific heat): 

We always express the power as: 

𝑄 = 𝑚𝑐 ∆ 𝑇

𝑃𝑜𝑤𝑒𝑟 =
𝐸𝑛𝑒𝑟𝑔𝑦

𝑡𝑖𝑚𝑒


