Chapter 31  Induction and Magnetic Moment
This chapter continues discussions that involve induced voltages and currents.  You will learn how an “inductor” effects current in a circuit in which the current is changing.  You will learn a practical way to determine the direction of the induced current.  We will discuss the principles behind electric motors.
page 2  The Inductor

When a current exists in a solenoid is there a magnetic field in the solenoid?

If the current is variable does the strength of the magnetic field vary?
If the magnetic field varies does the magnetic flux change?

If the magnetic flux changes is there an induced voltage (electric field)?

If you answered no to any of the above questions please re-read Chapters 28, 29 and 30!

We will not use the right hand rule to find the direction of the electric field.

page 3  Direction of the Electric Field.

Instead of the method presented in the text, I prefer to use a rule called Lenz’s Law to determine the direction of the induced current in a circuit.  The method in the text is more general but I only want to discuss the induced current in a circuit.
Lenz’s Law:  The direction of the induced current is such as to oppose the change in flux.

We will practice with Lenz’s Law in class.  We will examine the nature of the change in flux, and how the induced current might oppose the change in flux.  The key concept in this is that the induced current creates its own magnetic field.  This magnetic field due to the induced current can increase the flux or decrease the flux as the situation requires, as it tries to reduce the amount of change of the magnetic flux.  You will need to imagine two magnetic fields.  One magnetic field is the original magnetic field.  The second magnetic field is due to the induced current.  These magnetic fields will either add to each other or oppose each other, depending if the flux is decreasing or increasing.
page 4  Induced Voltage

The change of flux in a coil of wire will induce a potential difference across the coil of wire.  The coil of wire will be called an inductor from now on.  Suppose that an external power source is connected to an inductor.  Suppose the external power source applies an increasingly positive potential to side A of the inductor.  Describe the polarity of the induced voltage across the inductor at point A as the external power supply potential increases.

Inductance

The geometry and magnetic nature of the inductor determines the size of the induced voltage across the inductor as the value of the magnetic flux changes.

The symbol L is used to represent the size of the inductance.  I will no longer use L to represent length.  The unit of inductance is Henries.  A 2 Henry inductor will have an induced voltage of 8 volts if the rate of change of the current in the inductor is 4 amps/second.

V (induced) = L * (rate of change of current)

We will not perform calculations with specific geometries or magnetic properties to determine values for L.

page 6  Toroidal Inductor

We will skip this section.

page 7  Inductor as a Circuit Element

We will discuss the concepts but not the equations in this section.
Draw a circuit that has a battery, open switch, resistor and inductor in series.  Imagine that at time = 0 seconds the switch is closed.   A short time after the switch is closed, will the current in the circuit be high or low?  If the inductor was not in the circuit the current would be I = V/R a short time after the switch is closed.  But consider the effect of the inductor.  When the switch is closed the current attempts to go from 0 amps to the value of I = V/R.  This causes a large change in the flux through the inductor.  How does the inductor respond to this change?

What is the size of the net voltage in the circuit a short time after the switch is closed?

The size of the induced potential is a little smaller than the potential applied by the battery.  The battery dominates over the inductor for long time intervals.

Make a rough sketch of the current 

in the circuit as a function of time.

pages 10-17  The LC Circuit and the Speed of Light Measurement
This is worth reading but we will skip this material.

page 18 - 19  Magnetic Moment

This is worth reading but we will skip this material.

page 20  Torque on a Current Loop

This section gives the basic operating principle for an electric motor.  An electric motor receives electrical energy and produces mechanical energy.  We will discuss the torque produced by the coil drawn in Figure 21c.

page 21-25  Magnetic Moment, Magnetic Energy,  Charge q in a Circular Orbit
This is worth reading but we will skip this material.

page 26  Iron Magnets

We will not discuss the effective surface current.

What causes a piece of iron to exhibit permanent magnetism?

What can destroy the permanent magnetism?

page 28  The Electromagnet
How is the magnetic field enhanced by the presence of iron in a solenoid?

page 29  The Iron Core Inductor

This is worth reading but we will skip this material.

page 30 Superconducting Magnets

What is a superconductor?

Why is superconductivity important in constructing an electromagnet with a large B field?
pages 31 - 36  The LC Circuit and Fourier Analysis

This is worth reading but we will skip this material.

Know how to find the direction of torque on a current loop in the presence of a B field.

How does an ordinary speaker produce sound?

How does the Hall Effect indicate the sign of the charge carriers in a wire?
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