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Lecture 11

Induction and Inductance

1



PHY 1202

Lecture 10 Review

§ The Biot-Savart Law in electromagnetism describes the magnetic
field generated by an electric current.

§ The law is experimentally deduced, it describes the magnitude of
the field dB produced at point P at distance r by a current length
element i ds

§ Using the Biot-Savart law, we can determine the net magnetic field
due to a variety of current configurations:
– B due to a long straight wire
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PHY 1202

Lecture 10 Review

– B due to the circular current arc of angle f

– B at center of a full circle of current.

§ When we place two current carrying wires next to each other, each
wire will encounter a force with the same magnitude that is caused
by the magnetic field generated by the other wire
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Lecture 10 Review

§ Ampere’s Law states that The line integral of the B field around
any closed loop is proportional to the electric current passing
through the area enclosed by the loop.

§ Using the Ampere’s Law and with the knowledge of the current,
one can determine the magnetic field around current carrying
structures such as cylinder, solenoids and toroids.

§ A solenoid is just a coil or wire, however the B field in the current
carrying coil is magnified by the number of turns, for the ideal
solenoid,
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Lecture 10 Review

§ A current carrying coil can be treated as a magnetic dipole that
produces a dipole magnetic field similar to the electric field from
an electric dipole.

§ The magnetic field as a function of z, along the axial distance is

§ One can also use the moment µ to define the strength of the
magnetic dipole, where for a N current loop

§ Thus the B field due to the magnetic dipole is
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PHY 1202

Lecture Outline

§ Chapter 30, D Halliday, R Resnick, and J Walker, 
“Fundamentals of Physics” 9th Edition, Wiley (2005).

§ Induction and Inductance
– Faraday’s Law of Induction
– Lenz’s Law
– Induction and Energy Transfers
– Inductors and Inductance
– Self-Induction
– Induced Electric Fields
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Inductance: The First Experiment

1. A current appears only if there is relative
motion between the loop and the magnet (one
must move relative to the other); the current
disappears when the relative motion between
them ceases.

2. Faster motion produces a greater current.

3. If moving the magnet’s north pole toward
the loop causes, say, clockwise current, then
moving the north pole away causes
counterclockwise current.
Moving the south pole toward or away from
the loop also causes currents, but in the
reversed directions.
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Inductance: The First Experiment

1. The current thus produced in the loop is
called induced current.

2. The work done per unit charge to produce
that current (to move the conduction electron
that constitute the current) is called an
induced emf. The same emf as in Lecture 8.

3. emf – electromotive force and have the unit
of volt (V)

4. The process of producing the current and
emf is called induction.
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Inductance: The Second Experiment

In the second experiment we use the
apparatus of Fig. 30-2, with the two
conducting loops close to each other but
not touching.
If we close switch S, to turn on a current in
the right-hand loop, the meter suddenly and
briefly registers a current—an induced
current—in the left-hand loop.
If we then open the switch, another sudden
and brief induced current appears in the left
hand loop, but in the opposite direction.

We get an induced current (and thus an
induced emf) only when the current in the
right-hand loop is changing (either turning
on or turning off) and not when it is
constant (even if it is large).
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Faraday’s Law of Induction:

The magnetic flux is

If the loop lies in a plane and the magnetic field is perpendicular to the plane of 
the loop, and if the magnetic field is constant, then 

The SI unit for magnetic flux is the tesla–square meter, which is called the weber 
(abbreviated Wb):
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If we change the magnetic flux through a coil of N turns, an induced emf
appears in every turn and the total emf induced in the coil is the sum of these
individual induced emfs. If the coil is tightly wound (closely packed), so the
same magnetic flux FB passes through all the turns, the total emf induced in
the coil is

ℰ = −𝑁 !"!
!#

(30-5)

Here are the general means by which we can change the magnetic flux through
a coil:
1) Change the magnitude 𝐵 of the magnetic field within the coil.
2) Change either the total area of the coil or the portion of that area that lies

within the magnetic field (for example, by expanding the coil or sliding it
into or out of the field).

3) Change the angle between the direction of the magnetic field 𝐵 and the
plane of the coil (for example, by rotating the coil so that field 𝐵 is first
perpendicular to the plane of the coil and then along that plane).
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Faraday’s Law of Induction:
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30.4: Lenz’s Law:

Opposition to Pole Movement. The approach of the
magnet’s north pole in Fig. 30-4 increases the
magnetic flux through the loop, inducing a current in
the loop. To oppose the magnetic flux increase being
caused by the approaching magnet, the loop’s north
pole (and the magnetic moment µ) must face toward
the approaching north pole so as to repel it. The
current induced in the loop must be counterclockwise
in Fig. 30-4. If we next pull the magnet away from
the loop, a current will again be induced in the loop.
Now, the loop will have a south pole facing the
retreating north pole of the magnet, so as to oppose
the retreat. Thus, the induced current will be
clockwise.



PHY 1202

Example, Induced emf and current due to a changing uniform B field:



PHY 1202

Example, Induced emf and current due to a changing nonuniform B field:



PHY 1202

30.5: Induction and Energy Transfers:

The induced current is therefore

The net deflecting force is: 

The power is therefore                                          , which is exactly equal to i2R.

The work done (mechanical energy) is converted to thermal energy.
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30.5: Induction and Energy Transfers: Eddy Currents

Many applications:
braking, 
heating, 
magnetic levitation…
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30.6: Induced Electric Fields:
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30.6: Induced Electric Fields, Reformulation of Faraday’s Law:
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(Faraday’s law in differential form)
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30.6: Induced Electric Fields, A New Look at Electric Potential:

The integration over a closed path is NOT zero!

The induced electric force is not a conservative force!

Recall: Net work done by a conservative force on a 
particle moving around every closed path is ZERO. 
L05 slide 8
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Example, Induced electric field from changing magnetic field:
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Example, Induced electric field from changing magnetic field, cont.:
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Inductors and Inductance:
An inductor (symbol          ) can be used 
to produce a desired magnetic field. 

If we establish a current i in the windings 
(turns) of the solenoid which can be 
treated as our inductor, the current 
produces a magnetic flux FB through the 
central region of the inductor.

The inductance of the inductor is then

The SI unit of inductance is the tesla–
square meter per ampere (T m2/A). We 
call this the henry (H), after American 
physicist Joseph Henry.
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Inductance of a Solenoid:

Consider a long solenoid of cross-sectional area A, with number of turns N, and of 
length l. The flux is

Here n is the number of turns per unit length.

The magnitude of B is given by:

Therefore, 

The inductance per unit length near the center is therefore:
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Self-Induction:

# This is defined in the direction of the current.
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Inductors and lightning strikes

• If lightning strikes part of an electrical power transmission 
system, it causes a sudden spike in voltage that can damage 
the components of the system. 

• To minimize these effects, large inductors are incorporated 
into the transmission system. 

• These use the principle 
that an inductor opposes 
and suppresses any rapid 
changes in the current.
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27Summary:

• Magnetic Flux:

• Faraday’s Law of Induction

• Lenz’s Law
– An induced current has a direction such that the magnetic field due to the 

current opposes the change in the magnetic flux that induces the current.
– The induced emf has the same direction as the induced current.
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28Summary:

• Emf and the induced Electric Field
– The changing magnetic field induces an electric field   at every point of 

the closed path; the induced emf is related to    by 

– The general expression of Faraday’s law:

• Inductors

• Self-induction

E


E




PHY 1202

Practice Questions:

Chapter 30 - Induction and Inductance

Questions: *3, *7, **10, *29, *37, *45 
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