
Course Syllabus PHYS 204













Lecture 1

Chapter 30

Induction and Inductance



30-1 Faraday’s Law and Lenz’s Law 

First Experiment. Figure shows a 
conducting loop connected to a 
sensitive ammeter. Because there is no 
battery or other source of emf included, 
there is no current in the circuit. 
However, if we move a bar magnet 
toward the loop, a current suddenly 
appears in the circuit. The current 
disappears when the magnet stops 
moving. If we then move the magnet 
away, a current again suddenly appears, 
but now in the opposite direction. If we 
experimented for a while, we would 
discover the following:



30-1 Faraday’s Law and Lenz’s Law

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 of the magnet 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 from the north pole effects.



30-1 Faraday’s Law and Lenz’s Law 

Second Experiment. For this 
experiment we use the apparatus shown 
in the figure, 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 the switch remains 
closed, no further current is observed. 
If we then open the switch, another 
sudden and brief induced current 
appears in the left-hand loop, but in the 
opposite direction. 



30-1 Faraday’s Law and Lenz’s Law 

We get an induced current (from 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). The induced emf and induced current in these experiments are 
apparently caused when something changes — but what is that “something”? 
Faraday knew.



30-1 Faraday’s Law and Lenz’s Law 

Faraday’s Law of Induction

Faraday realized that an emf and a current 
can be induced in a loop, as in our two 
experiments, by changing the amount of 
magnetic field passing through the loop. 
He further realized that the “amount of 
magnetic field” can be visualized in terms 
of the magnetic field lines passing through 
the loop.



30-1 Faraday’s Law and Lenz’s Law 

The magnetic flux
B through an area A in a magnetic 

field

B

is defined as

B B d A  

where the integral is taken over the area. The SI unit of

magnetic flux is the weber, where 21 Wb 1 T m . 

If B is perpendicular to the area and uniform over it, the flux is

 area ,  uniform .B BA B A B  



30-1 Faraday’s Law and Lenz’s Law

Faraday’s Law of Induction

The magnitude of the emf E induced in a conducting loop is
equal to the rate at which the magnetic flux

B through that
loop changes with time.



30-1 Faraday’s Law and Lenz’s Law

Faraday’s Law. With the notion of magnetic flux, we can 
state Faraday’s law in a more quantitative and useful way:

Bd

dt


 E

the induced emf tends to oppose the flux change and the minus 
sign indicates this opposition. This minus sign is referred to as 
Lenz’s Law.



30-1 Faraday’s Law and Lenz’s Law

Lenz’s Law

An induced current has a direction such that the magnetic field due 
to this induced current opposes the change in the magnetic flux that 
induces the current. The induced emf has the same direction as the 
induced current.

Lenz’s law at work. As the magnet is moved 
toward the loop, a current is induced in the 
loop. The current produces its own magnetic

field, with magnetic dipole moment 

oriented so as to oppose the motion of the 
magnet. Thus, the induced current must be 
counterclockwise as shown.



30-1 Faraday’s Law and Lenz’s Law

Lenz’s Law



30-1 Faraday’s Law and Lenz’s Law

The direction of the current i induced in a loop is such that the

current’s magnetic field indB opposes the change in the

magnetic field B inducing i. The field indB is always directed

opposite an increasing field  ,B a c and in the same direction

as a decreasing field  , .B b d The curled – straight right-hand

rule gives the direction of the induced current based on the 
direction of the induced field.


