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Current and Resistance 



• What is electric current (i)? 

• What is current density (J) and drift speed (vd)? 

• What is resistance (R) and resistivity ()? 

• Ohm’s law (V=i R) 

• How to find the power in an electric circuit? 

 

What we will learn 



Current and Resistnace 



Electric Current 

A B 

 In (a) all points are at the same 
potential. 

 Free electrons inside the conductor 
move in random directions. 

 No net charge transport. 

 When inserting a battery, there 
will be a potential difference. 

 The situation is no longer static. 
There is a net charge flow in a 
particular direction  electric 
current! 
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A current is a measure of amount 
of charge  that moves past a point 

per unit time. 



Electric Current 

 The current is the same for planes aa’, bb’, 
and cc’ and for all planes that pass completely 
through the conductor, no matter what their 
location or orientation. 
 Since charge is conserved, any electron passes 
through aa’ should pass through bb’, and cc’.  
 

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



Electric Current 

21 iiio 

This equation expresses the 

conservation of charge at point a. 

Note that we have not used vector 

addition. 



Electric Current 

The direction of Current 

A B 



Electric Current 



Current Density 

2

Current density is a vector that is defined as follows:

Its magnitude is 

SI unit:               

 

The direction of   is the same as that of the curren
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Current Density

 current through a conductor of cross-sectional

area  is given by the equation  

if the current density is cons

 

t n .

 

a t  

i JA A

i 

+ q 

conductor 

A 

J

J= the amount of 
current flowing 
through a cross-
sectional area. 
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Drift Speed 

When a current flows through a conductor 
the electric field causes the charges to move 
with a constant drift speed vd. 

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 wire’s 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.  
 
The total charge of the carriers in the length L, each with charge e, is then 
 
The total charge moves through any cross section of the wire in the time interval 
 
 



Current Density 



Resistance and Resistivity 

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 

 

 

 

 The SI unit for resistance is the volt per ampere. This has a special name, the ohm 

(symbol  W): 

 

 

 

In a circuit diagram, resistors are represented by 

R symbolized by 



Resistance and Resistivity 

The resistivity, , of a resistor is defined as: 

 

 

 

 

 

 

The SI unit for  is W.m.  

 

The conductivity s of a material is the reciprocal of its  

resistivity: 
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Resistance R is a property of an object.  

Resistivity  is a property of a material  



Calculating Resistance from Resistivity 

Where, 
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Therefore, 

If the streamlines representing the current 

density are uniform throughout the wire, the 

electric field, E, and the current density, J, will 

be constant for all points within the wire. 



Calculating Resistance from Resistivity 



Variation of R with temperature 

The relation between 

temperature and 

resistivity for copper—

and for metals in 

general—is 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: 



Variation of R with temperature 



Variation of R with temperature 



Ohm’s Law 

 i V



Ohm’s Law 



Ohm’s Law 



Power in Electric Circuits 

The amount of charge dq that moves between those terminals in 

time interval dt is equal to i dt.  

 

This charge dq moves through a decrease in potential of 

magnitude V, and thus its electric potential energy decreases in 

magnitude by the amount 

 

The power P associated with that transfer is the rate of transfer 

dU/dt, given by 

The unit of power is the volt-ampere (V  A). 



Power in Electric Circuits 



Power in Electric Circuits 



Power in Electric Circuits 



Power in Electric Circuits 



What have we learnt 

• What is electric current (i)? 

• What is current density (J) and drift speed (vd)? 

• What is resistance (R) and resistivity (=RA/L)? 

• Variation of R with temperature (- o= o  (T-To) 

• Ohm’s law (V=i R) [Ohmic and non-Ohmic devices] 

• How to find the power in an electric circuit? 

 (P = iV, , P=i2R=V2/R) 

 


