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Chapter 26 Current and Resistance 

We connect the wire filament in the light bulb across a potential difference causing the 

electric charge to flow through the wire, which is similar to water pressure resulting in 

the water flow through the horse. 

 

Steady state: charge no longer continues to accumulate at points along the circuit and 

the current is steady 

 

26.1 Electric Current 

Current: The rate of flow of electric charge through a cross-sectional area 

If Q  is the charge that flows through the cross section area A in time t , the 

current I is 
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Unit: ampere (A), 1 A = 1 C / s 

instantaneous current 
dt

dQ
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Microscopic Model of Current 

 

Drift speed:  

 

n: the number density of charge carriers 

q: the charge 

In a time t , the number of particles in the volume ( )tvA d  is ( )tvnA d  and the 

total charge is ( )tvqnA d . 

 

The current is 
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dt
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I D== , 1 Ampere = 1Coulomb / sec 
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Example: Drift speed in a copper wire 

A copper wire of cross-section area 3.00 x 10-6 m2 carries a current of 10.0 A.  Find 

the drift speed of the electron in this wire.  The density of copper is 8.95 g/cm3. 
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Example: The Drift Speed 

A typical wire is made of copper and has a radius 0.815 mm. Calculate the drift speed 

of electrons in such a wire carrying a current 1 A, assuming one free electron per 

atom. 
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Example: The Number Density 

In a certain particle accelerator, a current of 0.5 mA is carried by a 5-MeV proton 

beam that has a radius of 1.5 mm. (a) Find the number density of protons in the beam. 

( )( ) ( ) 2272196 106.1
2

1

2

1
10602.11055 vvmMeVK p

−− ====  

7101.3 =v  m/s 

( )( ) ( )
313

23719

4

/1043.1
105.1101.310602.1

105
m

qvA

I
n =




==

−−

−


 

26.2 Resistance 

Anqv
dt

dQ
I D== , 1 Ampere = 1Coulomb / sec 

current density: Dnqv
A

I
J == , Dv  is drift velocity 

The Ohm’s law is EJ = , where   is conductivity and  /1=  is resistivity. 

The voltage difference across a distance l will be ElV = . 
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The current density will be related to voltage as 
l

V
J


=  . 

The current can then be described as V
l

A
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
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Thus, we find a simple relation between the current and voltage drop as 
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Assuming that the electric field is uniform, 

LEVVV ab =−=  

I
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
=    Unit: 1  = 1 V / A 

 

For ohmic materials: IRV =  

The resistance & the resistivity: 
A

L
R =  

 

Example: A Nichrome wire ( = 10-6 m) has a radius of 0.65 mm. What length of 

wire is needed to obtain a resistance of 2.0 ? 



RA
L =  

What are metals and semiconductors? 

What is a platinum resistance thermometer? 
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Example: The Electric Field That Drives The Current 

A 14-gauge copper means its wire diameter, D = 1.628 mm. 

Find the electric field strength E in the 14-gauge copper wire when the wire is carrying 

a current of 1.3 A. 
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Example: Coaxial cables are used for television and 

other electronic applications. A coaxial cable 

consists of two concentric cylindrical conductors. 

The region between the conductors is completely 

filled with polyethylene plastic as shown in the right 

figure. Current leakage through the plastic, in the 

radial direction, is unwanted. The radius of the inner 

conductor is a = 0.500 cm, the radius of the outer conductor is b = 1.75 cm, and the 

length is L = 15.0 cm. The resistivity of the plastic is  = 1.0 X 1013 m. Calculate 

the resistance of the plastic between the two conductors. 

A

l
R


=  → dl

A
dR


=  → 

rL

dr
dR




2
=  









==  a

b

Lr

dr

L
R

b

a

ln
22 






 

 

Example:  The resistance of a semi-circular disc. 
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26.3 A Model for Electrical Conduction 
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Drude Model: 

The electric field will drive free electrons move. 
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It will accelerate the electrons’ velocity. 
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The drift velocity could be related to the acceleration and an average time interval 

between successive collisions. 
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26.4 Resistance and Temperature 

What are the RT behaviors of a metal and a semiconductor (or insulator)? 

The temperature coefficient of resistivity: 
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Change in resistivity with temperature of metals:  )(1 00 TT −+=  , 
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26.5 Superconductors 

   

 

 

26.6 Electrical Power 

Joule Heating: 
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Example: An electric heater is constructed by applying a potential difference of 120 V 

across a Nicrome wire that has a total resistance of 8.00 . Find the current carried by 

the wire and the power rating of the heater. 
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Example: An immersion heater must increase the temperature of 1.50 kg of water 

from 10oC to 50oC in 10.0 min while operating at 110 V. What is the required 

resistance of the heater? 
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