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Terms to Know: Hall Effect, magnetic force, magnetic torque

Learning Objectives from the beginning of the chapter in OpenStax College Physics
22.6. The Hall Effect
• Describe the Hall effect.
• Calculate the Hall emf across a current-carrying conductor.

22.7. Magnetic Force on a Current-Carrying Conductor
• Describe the effects of a magnetic force on a current-carrying conductor.
• Calculate the magnetic force on a current-carrying conductor.

22.8. Torque on a Current Loop: Motors and Meters
• Describe how motors and meters work in terms of torque on a current loop.

22.9. Magnetic Fields Produced by Currents: Ampere’s Law
• Calculate current that produces a magnetic field.
• Use the right hand rule 2 to determine the direction of current or the direction of magnetic field loops.

22.10. Magnetic Force between Two Parallel Conductors
• Describe the effects of the magnetic force between two conductors.
• Calculate the force between two parallel conductors.

22.11. More Applications of Magnetism
• Describe some applications of magnetism.

22.6 The Hall Effect
If necessary, your should review how the direction of the magnetic force is determined. 

Q1. Why are physicists convinced that electrons are the charge carriers in a wire and not protons?

We will not calculate the emf generated by the Hall effect.

22.7 Magnetic Force on a Current-Carrying Conductor
We have already discussed the magnetic force on a charged particle.

We treat the current as positive particles moving in the wire.  The magnetic force on the wire is

F = ILB sinθ


I is the current in amps, L is the length of the wire in the B field




Θ is the angle between the direction of I and the direction of B.

We will use a right hand rule to find the direction of the force.

1. Extend the fingers of your right hand in the direction of the conventional current.

2. Rotate your wrist so it is easy to bend your fingers into the direction of the magnetic frield.

3.  Your thumb points in the direction of the magnetic force.

Q2.  When is the force a maximum value and when is it zero?

22.8 Torque on a Current Loop: Motors and Meters
You should understand the direction of the rotation of the loop.  Use the right hand rule for a wire in a B field to get the direction of the force.  The torque is the force times the lever arm.  The torque can be clockwise or counterclockwise.  We will not do calculations in this section.

How does a galvanometer display a reading that indicates the current value?

Q3.  Why does the current need to reverse directions every half cycle in a simple motor?

22.9 Magnetic Fields Produced by Currents: Ampere’s Law
For a long straight wire  B = ( μo I )/ ( 2 π r)

μo = 4 π x 10-7    I is in amps








r is the shortest distance from the wire in meters.

Ampere’s Law and Others
Ampere’s Law    Σ B|| ΔL =  μo I     For simple geometries Ampere’s Law can be used to find B without using Calculus.  

Magnetic Field Produced by a Current-Carrying Circular Loop
A single loop of wire that has a current will create a magnetic field:

B = ( μo I )/ ( 2 r)     This is the value of B at the center of the loop.

If there are multiple loops simply multiply by the number of loops, N.

B = (N μo I )/ ( 2 r)

You can use the right hand rule to find the direction of B.

Magnetic Field Produced by a Current-Carrying Solenoid
A solenoid is a coil of wire in the shape of a cylinder.  Inside the solenoid the magnetic field is nearly uniform and has a value of

B = (N μo I )/ L   where L is the length of the solenoid and N is the number of turns of wire.

Or,  B = n μo I   where n is the number of turns of wire per meter.

Q4.  How can the magnetic field inside a solenoid be increased?

Know how to make an electromagnet.

22.10 Magnetic Force between Two Parallel Conductors
To find the force for two long straight parallel wires that have current you first calculate B due to one of the wires at the location of the second wire.  Then calculate the Force from F = I L B.

Q5. How is the Ampere unit defined?

22.11 More Applications of Magnetism

Mass Spectrometry
You should know how does a mass spectrometer works.

r = mv/(qB)     You should know the source of this equation.

In order to calculate the mass, r is measured.  Also, the velocity of the object must be known.     The velocity selector uses an electric force and magnetic force to only allow a certain velocity to enter the region where there is only a magnetic field.  If the ion source releases ions do you think the drawing in the text (Figure 22.43) shows the correct direction for the magnetic field (given the + and – labels on the plates)?

Why does the velocity of ions that make it through the gap in the wall = E/B ?

Describe what happens to ions that have a velocity above the desired velocity value.

Describe what happens to ions that have a velocity below the desired velocity value.

Other Applications

How does an ordinary speaker produce sound?
Why is coaxial cable used to carry TV (and other) signals?
ANSWERS   ……………………..

Q1.  A magnetic field deflects the charge carriers in a wire.  The sides of the wire then have a potential difference due to this deflection of the charge carrier.  Measurements of the sign of the potential difference show that electrons are the charge carriers in a wire.

Q2.  The force is maximum if the current and the magnetic field are perpendicular (angle 90 degrees).  The force is zero if the current and B field are parallel.

Q3.  If the current did not reverse directions the torque would reverse directions.  The coil of the motor would oscillate back and forth rather than continue its rotation in one direction.

Q4.  Increase I, increase N, decrease L.

Q5. The ampere is defined based on the magnetic force between two long straight wires.  When the current creates an interaction of 2 x 10-7 Newtons/meter the current value is 1 amp.
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