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27.1  Electric Current 

Water Flow as Analogy for Electric Current  



27.1 Electric Current 

A Simple Electrical Circuit 



27.1  Electric Current 

Direction of Current and Electron Flow  



27.1  Electric Current 

The current is defined as the rate at which  
charge flows through this surface. If ∆Q  
is the amount of charge that passes through  
this surface in a time interval ∆t, the average  
current 𝐼𝑎𝑣𝑔  is equal to the charge that 

 passes through A per unit time: 

 Where:  
•  I is the current   
•  Q is charge in coulomb   
•  T is time in second  



27.1  Electric Current 

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

 

That is, 1 A of current is equivalent to 1 C of charge 
passing through a surface in 1 s. 

1 A is quite a large current. Household currents are usually as 
large as several amps. 



27.1  Electric Current 
 

 



27.1 Electric Current 
 
 
Microscopic Model of Current 

 • Consider the current in a cylindrical conductor of cross-sectional 
area 𝐴, and length ∆𝑥, then the volume of the conductor 
𝑉 = 𝐴 ∆𝑥. 

• If n represents the number of mobile charge carriers per unit 
volume . 

•  The number of carriers in the segment is 𝑛𝐴 ∆ 𝑥 
• Therefore, the total charge ∆ 𝑄 in this segment is 
                          ∆𝑄 = nA∆𝑥 𝑞 
 
 
• If the carriers move with a velocity (𝑣𝑑), we can 

write ∆𝑄 as  
                          ∆𝑄 = nA𝑣𝑑∆𝑡 𝑞 
• Dividing both sides of this equation by ∆𝑡  

∆𝑄

∆𝑡
= nA𝑣𝑑 𝑞 = 𝐼𝑎𝑣𝑔 

 



27.1 Electric Current 

• The total charge Q of the free electrons that pass 
through the area 𝐴 along the conductor is   

 
𝑄 =  𝑁𝑒  

𝑄 =  (𝑛𝐴𝐿)𝑒  



27.1 Electric Current 



27.2  Resistance 



27.2  Resistance 



27.2  Resistance 



27.2  Resistance 
 



27.2  Resistance 

The Factors of Resistance  



27.2  Resistance 

 A cylindrical wire has a radius r and length ,. If both r 
and , are doubled, does the resistance of the wire (a) 
increase, (b) decrease, or (c) remain the same? 



27.2  Resistance 















27.4  Resistance and Temperature 
The  resistivity  of  a  conductor  varies  approximately linearly 
with temperature according to the expression: 
 

 

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 𝛼is the temperature coefficient 
of resistivity. 

The temperature coefficient of resistivity can be expressed as 
 
 

 

where ∆𝜌 = 𝜌 − 𝜌0is the change in resistivity in the 
temperature interval ∆𝑇 = 𝑇 − 𝑇0 . 



27.4  Resistance and Temperature 

 Notice that the unit for 𝛼 is degrees 𝐶𝑒𝑙𝑠𝑖𝑢𝑠−1 [(°𝐶−1). 
Because resistance  R is proportional to resistivity 𝜌, the 
variation of resistance of a sample is: 
 
  

 
where 𝑅 is the resistance at some 
temperature 𝑇 (in degrees Celsius), 𝑅0 is the 
resistivity at some reference temperature 𝑇0  



27.6  Electrical Power 

Let’s now investigate the rate at which 
the electric potential energy of the 
system decreases as the charge 𝑄 
passes through the resistor: 
  
 

Therefore, the power P, representing the 
rate at which energy is delivered to the 
resistor, is 



27.6  Electrical Power 

 We can express the power delivered to the resistor in the 
alternative forms 

 

 

 

 

 

 

The process by which energy is transformed to internal 
energy in a conductor of resistance R is often called joule 
heating;   this transformation is also often referred to as an 

𝐼2𝑅 loss. 

When 𝐼 is expressed in amperes (A), ∆V in volts (V), and R in 
ohms (Ω), the SI unit of power is  the watt (W). 
1 W = 1 A/V 
1W = 1 J/s 



27.6  Electrical Power 



Example 27.4 Power in an Electric Heater  

An electric heater is constructed by applying a potential 
difference of 120 V across a Nichrome wire that has a total 
resistance of 8.00 V. Find the current carried by the wire and 
the power rating of the heater. 

Solution: 

 

 



Summary 

• Definition of Resistance 

• Ohm’s Law 

• Resistivity and Conductivity 

• Combinations of resistors; parallel & series 

• Resistance and Temperature  

• Electric Power, Loss 
 



The End 


