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Conductive Loop with No Voltage Source
Figure (a) shows an isolated conducting loop.  Even if the conductive loop has 
excess charge, it is all at the same potential. No electric field can exist within it 
or along its surface.

Figure (a)

Section 26.1 Electric Current
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Conductive Loop with a Voltage Source

If we insert a battery in the loop, as in Figure (b), the conducting loop is no longer at a 
single potential. Electric fields act inside the material making up the loop, exerting 
forces on internal charges, causing them to move and thus establishing a current. (The 
diagram assumes the motion of positive charges moving clockwise.)

Figure (b)
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Electric Current: Definition
Figure (c) shows a section of a conductor, part 
of a conducting loop in which current has been 
established.  If charge dq passes through a 
hypothetical plane (such as aa’) in time dt, then 
the current i through that plane is defined as:

( )definition of current .dqi
dt

=

Figure (c)

So , electric current is the flow of electric charge from one place to another in a closed path 
returning to its starting point.



A battery uses chemical reactions to produce a potential difference between its 
terminals. It causes current to flow through the flashlight bulb similar to the way the 
person lifting the water causes the water to flow through the paddle wheel.
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A battery that is disconnected from any circuit has an electric potential difference 
between its terminals that is called the electromotive force or emf:

Remember – despite its name, the emf is an electric potential, not a force. 

The amount of work it takes to move a charge ΔQ from one terminal to the other is:



The direction of current flow – from the positive terminal to the negative one – was 
decided before it was realized that electrons are negatively charged. Therefore, current 
flows around a circuit in the direction a positive charge would move;
electrons move the other way. However, this does not matter in most circuits.
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Net Electron Displacement in Electric Field

The gray lines show an electron moving from A to B, making six 
collisions en route. The green lines show what the electron’s path 
might be in the presence of an applied electric field .E

r
Note the 

steady drift in the direction of .E−
r





In other words, the actual motion of electrons along a wire is quite slow; the electrons 
spend most of their time bouncing around randomly, and have only a small velocity 
component opposite to the direction of the current. (The electric signal propagates 
much more quickly!)
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A current of 5 mA is passing through a certain wire
a) What charge flows through the cross sectional area of the wire in 10 

min?

b) How many electrons flow through the cross sectional area of the wire 
in 10 min
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Electric Current: Checkpoint #1
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Conservation of Charge at Current Nodes
Figure (a) shows a conductor with current i0
splitting at a junction into two branches. Because 
charge is conserved, the magnitudes of the 
currents in the branches must add to yield the 
magnitude of the current in the original conductor, 
so that

0 1 2.= +i i i

Figure (b) suggests, bending or reorienting the wires in 
space does not change the validity of the above 
equation
Current arrows are drawn in the direction in which 
positive charge carriers would move, even if the actual 
charge carriers are negative and move in the opposite 
direction.
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Electric Current: Checkpoint #2
The figure here shows a portion of a circuit. What are the magnitude and direction of the 
current i in the lower right-hand wire?

Answer: 8A with arrow pointing right
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Ohm’s Law Definition
Figure below demonstrates Ohm’s Law on a conductor.  A potential difference 
V is applied across the device being tested, and the resulting current i through 
the device is measured as V is varied in both magnitude and polarity.

V = IR
I = V/R

Section 26.4 Ohm’s Law

The units of resistance, volts per ampere, are called ohms:
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Linear Current vs. Voltage Relationship
Figure  (b) is a plot of i versus V for a conductor. This plot is a 
straight line passing through the origin, so the ratio
i
V (which is the slope of the straight line) is the same for all 
values of V. This means that the resistance V

iR = of the 
device is independent of the magnitude and polarity of the 
applied potential difference V.
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Non-linear Current vs. Voltage Relationship
Figure (c) is a plot for another conducting device. Current can exist in this 
device only when the polarity of V is positive and the applied potential 
difference is more than about 1.5 V.  When current does exist, the relation 
between i and V is not linear; it depends on the value of the applied 
potential difference V. 



Copyright ©2022 John Wiley & Sons, Inc. 18

Ohm’s Law: Checkpoint #3

The following table gives the current i (in amperes) through two 
devices for several values of potential difference V (in volts). From 
these data, determine which device does not obey Ohm’s law.

Device 1 Device 1 Device 2 Device 2

V i V i

2.00 4.50 2.00 1.50

3.00 6.75 3.00 2.20

4.00 9.00 4.00 2.80

Answer: Device 2 does not follow ohm’s law. 
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Resistance vs. Conductor Dimensions
Resistance is a property of an object. Resistivity is a property of a material.
Two wires of the same length and diameter will have different resistances if they are
made of different materials. This property of a material is called the resistivity ρ.
The resistance R of a conducting wire of length L and uniform cross section A is

.LR
A

=

Section 26.3 Resistance and Resistivity



The difference between insulators, 
semiconductors, and conductors can be 
clearly seen in their resistivities:
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Resistivity vs. Conductivity

The reciprocal of resistivity is conductivity σ of the material:

( )1 definition of . 


=

Assortment of Resistors



1. A car has a 12 V system. The headlights are on a 10 A circuit. How much resistance do 
they have?

2. Your house uses 120 volts. What amount of current would flow through a 20 Ω
resistor?

3. A 6 Ω resistor has a power source of 20V across it. What will happen to the resistance 
if the voltage doubles?  
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Checkpoint # 4
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Wire 1 has a length L and a circular cross sectional of diameter D. Wire 2 is constructed 
from the same material as wire 1 and has the same shape, but it’s length is 2L and it’s 
diameter is 2D.
Is the resistance of wire 2:
a) The same as that of wire 1 ( R2 = R1)
b) Twice that of wire 1 (R 2= 2 R1 )
c) Half that of wire 1 (R2= R1/2)

Checkpoint # 5
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1. A conducting wire is quadrupled in length and tripled in diameter.
a) does its resistance increase, decrease, or stay the same?

b) by what factor does its resistance change? 

2. A current of (1.82 A) flows through a copper wire (1.75 m) long and (1.1 mm ) in 
diameter. Find the potential difference between the ends of the wire. (𝛒 for copper = 
1.68 x 10-8 𝛀.m )

Checkpoint # 6
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Checkpoint # 7



Suppose you want to connect your stereo to remote speakers.
(a) If each wire must be 20 m long, what diameter copper wire should you use to make 

the resistance 0.10  per wire. 
(b) If the current to each speaker is 4.0 A, what is the voltage drop across each wire?
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Checkpoint # 8
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Resistivity vs. Temperature
The resistivity ρ for most materials changes with temperature.
For many materials, including metals, the relation between ρ and temperature 
T is approximated by the equation

( )0 0 0 .T T   − = −

Here T0 is a reference temperature ρ0 is the resistivity at T0, and α is the 
temperature coefficient of resistivity for the material.

𝑅 − 𝑅0 = 𝑅0α(T − 𝑇0)
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Temperature Dependence of Resistivity 
for a Metallic Conductor

The resistivity of copper as a function of temperature.
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Resistivity vs. Temperature
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At what temperature would the resistance of a copper conductor be double its 
resistance at 20.0°C?

Checkpoint # 9



Copyright ©2022 John Wiley & Sons, Inc. 31

Power Dissipation in an Electric Circuit
Figure (next slide) shows a circuit consisting of a battery B that is connected by 
wires (negligible resistance), to an unspecified conducting device. The device 
might be a resistor, a storage battery (a rechargeable battery), a motor, or 
some other electrical device. The battery maintains a potential difference of 
magnitude V across its own terminals and thus (because of the wires) across 
the terminals of the unspecified device, with a greater potential at terminal a 
of the device than at terminal b.
The power P, or rate of energy transfer, in an electrical device across which a 
potential difference V is maintained is

( )rate of electrical energy transfer .P iV=

Section 26.5 Power, Semiconductors, and 
Superconductors
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Power in terms of Current and Resistance

If the device is a resistor, the power can also 
be written as:

( )2 resistive dissipationP i R=

or,

( )
2

resistive dissipation .VP
R

=



When the electric company sends you a bill, your usage is quoted in kilowatt-hours 
(kWh). They are charging you for energy use, and kWh are a measure of energy.
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Energy and Power in Electric Circuits



1. An electric heater is constructed by applying a potential difference of 110 volt 
across a wire with resistance 5 Ω.

a) What is the power rating of the heater?

b) What is the electric energy dissipated in the heater in 3 min?
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2. A light bulb is rated at 30 watt when operated at 120 volt. 
a) How much charge passes through this bulb in 2 minutes ?

b) What is the electric energy dissipated in this bulb in half an hour?

Checkpoint # 9



A battery that produces a potential difference V is connected to a 5 W light bulb. 
Later, the 5 W light bulb is replaced with a 10 W light bulb.
a) In which case does the battery supply more current?
b) Which light bulb has the greater resistance?
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Checkpoint #10 



The current in a 120 V reading lamp is 2.6 A. If the cost of electrical energy 
is 0.075 $ per kilowatt-hr, how much does it cost to operate the light for an 
hour?

Solution:
Power = IV = (120)(2.6)= 312 W
Energy consumed = P ∆ 𝑡 = (0.312 kW).(1 hr) = 0.312 kW.h
Cost = 0.312 x 0.075 = 0.023 $

36

Checkpoint #11
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Checkpoint #12
A potential difference V is connected across a device with resistance R, causing current  i
through the device. Rank the following variations according to the change in the rate at 
which electrical energy is converted to thermal energy due to the resistance, greatest 
change first:
a) V  is doubled with R unchanged,
b) I  is doubled with R unchanged, 
c) R  is doubled with V unchanged, 
d) R  is doubled with  i unchanged.



Home Practice 
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Semiconductor Material Characteristics
Semiconductors are materials that have few conduction electrons but 
can become conductors when they are doped with other atoms that 
contribute charge carriers.
In a semiconductor, n (number of free electrons) is small (unlike 
conductor) but increases very rapidly with temperature as the increased 
thermal agitation makes more charge carriers available. This causes a 
decrease of resistivity with increasing temperature.
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Superconductors
In 1911, Dutch physicist Kamerlingh Onnes discovered that the resistivity of mercury 
absolutely disappears at temperatures below about 4 K called the critical temperature TC. 
This phenomenon of superconductivity is of vast potential importance in technology 
because it means that charge can flow through a superconducting conductor without 
losing its energy to thermal energy. Currents created in a superconducting ring, for 
example, have persisted for several years without loss; the electrons making up the 
current require a force and a source of energy at start-up time but not thereafter.

The resistance of mercury drops to zero at a 
temperature of about 4 K.

A disk-shaped magnet is levitated above a superconducting 
material that has been cooled by liquid nitrogen. The goldfish 
is along for the ride.
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