
Physics 4B  
Chapter 26: Current and Resistance 

 
 
"Keep in mind that neither success nor failure is ever final." – Roger Ward Babson 
 
“Our greatest glory is not in never failing, but in rising up every time we fail.”  
Ralph Waldo Emerson 
 
“If you continue to do what you've always done, you'll continue to get what you've always got.” 
Yogi Berra 
 
“Defeat is not defeat unless accepted as a reality in your own mind.”  – Bruce Lee 
 
 
Reading: pages 682 – 698   
 
Outline: 
 
⇒ electric current 
 definition 
 conventional current 
⇒ current density 
 drift speed 
⇒ resistance and resistivity 
 variations with temperature 
⇒ Ohm’s Law 
⇒ microscopic view of Ohm’s Law (read on your own) 
⇒ power in electric circuits 
⇒ semiconductors and superconductors (read on your own) 
  
 
Problem Solving Techniques 
 
You should know the definitions of current and current density, their relationship to each other, and 
the relationship between current density and drift velocity. If net charge ∆q passes through an area in 
time ∆t then the current through the area is i = ∆q/∆t. If area A is perpendicular to the charge flow 
then the magnitude of the current density is J = i/A, where i is the current through the area. If 
positive charge is flowing the current density is in the direction of its velocity; if negative charge is 
flowing the current density is opposite its velocity. The magnitude of the current density is related to 
the drift speed vd by J = nevd, where n is the number of charge carriers per unit volume in the 
current. 
 
You should know the definition of resistance and be able to compute the resistance R of a wire, 
given its resistivity ρ, length L, and cross-sectional area A. The relationship is R = ρL/A.  
 



You should understand that resistivity is determined to a large extent by the mean time between 
collisions and that this quantity is temperature dependent because the average velocity of the 
electrons is temperature dependent. The relationship between the resistivity ρ and mean time t 
between collision is ρ = m/e2nτ, where m is the mass of a charge carrier and n is the number of 
charge carriers per unit volume in the current. 
 
Charge carriers lose kinetic energy in collisions with the atoms of a resistor. You should know how 
to compute the rate of energy dissipation, given the resistance and either the current in the resistor or 
the potential difference along the length of the resistor. Use P = i2R or P = V2/R, where i is the 
current in the resistor and V is the potential difference across it. 
 

Questions and Example Problems from Chapter 26 
 
Problem 1  
During the 4.0 min a 5.0 A current is set up in a wire, how many (a) coulombs and (b) electrons pass 
through any cross section across the wire’s width? 
 
 
 
 
 
 
 
 
Problem 2  
The magnitude J of the current density in a certain wire with a circular cross section of radius  
R = 2.00 mm is given by J = (3.00 × 108)r2, with J in amperes per square meter and radial distance r 
in meters. What is the current through the outer section bounded by r = 0.900R and r = R? 
 
 
 
 
 
 
 
 
Problem 3  
A fuse in an electric circuit is a wire that is designed to melt, and thereby open the circuit, if the 
current exceeds a predetermined value. Suppose that the material to be used in a fuse melts when the 
current density rises to 440 A/cm2. What diameter of cylindrical wire should be used to make a fuse 
that will limit the current to 0.50 A? 
 
 



Problem 4  
A small but measurable current of 1.2 × 10-10 A exists in a copper wire whose diameter is 2.5 mm. 
The number of charge carriers per unit volume is 8.48 × 1028 m-3. Assuming the current is uniform, 
calculate the (a) current density and (b) electron drift speed. 
 
 
 
 
 
 
 
 
 
 
 
 
Problem 5  
A wire of Nichrome (a nickel–chromium–iron alloy commonly used in heating elements) is 1.0 m 
long and 1.0 mm2 in cross-sectional area. It carries a current of 4.0 A when a 2.0 V potential 
difference is applied between its ends. Calculate the conductivity σ of Nichrome. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Problem 6  
A common flashlight bulb is rated at 0.30 A and 2.9 V (the values of the current and voltage under 
operating conditions). If the resistance of the bulb filament at room temperature (20°C) is 1.1 Ω, 
what is the temperature of the filament when the bulb is on? The filament is made of tungsten. 
 
 
 



Problem 7  
An unknown resistor is connected between the terminals of a 3.00 V battery. Energy is dissipated in 
the resistor at the rate of 0.540 W. The same resistor is then connected between the terminals of a 
1.50 V battery. At what rate is energy now dissipated? 
 
 
 
 
 
 
 
 
 
 
 
Problem 8 
A 1250 W radiant heater is constructed to operate at 115 V. (a) What will be the current in the 
heater? (b) What is the resistance of the heating coil? (c) How much thermal energy is produced in 
1.0 h by the heater? 
 
 
 
 
 
 
 
 
 
 
 
 
 
Problem 9 
A 100 W light bulb is plugged into a standard 120 V outlet. (a) How much does it cost per 31-day 
month to leave the light turned on continuously? Assume electric energy costs 6¢/kW·h. (b) What is 
the resistance of the bulb? (c) What is the current in the bulb?  
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