Unit 1
(Magnetism)
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Magnetism
Magnetism is the force of attraction or repulsion in and around
a material.

Magnetism is present is all materials but at such low levels that
it is not easily detected.

Certain materials such as magnetite, iron, steel, nickel, cobalt and
alloys of rare earth elements, exhibit magnetism at levels that are
easily detectable.

2

Magnets
A magnet is any piece of material that has the property of attracting
iron (or steel).
Magnetite, also known as lodestone, is a naturally occurring rock that
is a magnet.

Ferromagnetic materials like iron, nickel, cobalt, chromium dioxide,
and alnico (AlNiCo alloy) can be magnetized.
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Magnetic Domains
A magnetic domain is a region in which the magnetic fields of atoms are
grouped together and aligned. You can think of magnetic domains as
miniature magnets within a material.

unmagnetized object  magnetic domains are pointing in different
directions
magnetized object  all like magnetic poles line up and point in the
same direction

unmagnetized iron
magnetic domains
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SPIT

4

Magnetic Field Lines
Since no isolated poles are known to exist (ie/ no magnetic
monopoles), magnetic field lines have to be drawn so that
they are associated with both poles of the magnet.

Activity
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Magnetic Fields
The direction of the magnetic field at a particular location is
defined as the direction in which the Npole of a compass would
point when placed at that location. The magnetic field lines
leave the Npole of a magnet, enter the Spole and continue to
form a closed loop inside the magnet. The magnetic field lines
outside the magnet are more concentrated at the poles of the
magnet, where the magnetic field is greatest.

Field Lines for Like Poles
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Field Lines for Unlike Poles
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Iron Filings and Magnetic Fields
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Electromagnetism
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NOTE: Currents flowing into or out of the page are indicated
using the symbols below.
current flowing out of the page

OUT
RHR #1
conventional current

LHR #1
electron flow

current flowing into the page

x

IN

RHR #1
conventional current

LHR #1
electron flow

x

x
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Science 122
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Science 122
Right Hand Rule #3 is used to determine the direction of the force
exerted on a conductor by a magnet's magnetic field.

Righthand Rule #3

direction of the magnetic
field from the magnet
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Science 122
Electric Motors
We have seen that a currentcarrying wire can experience a force when placed in a
magnetic field. If a loop of wire is suspended properly in a magnetic field, the magnetic
force produces a torque that tends to rotate the loop. This torque is responsible for the
operation of a widely used type of electric motor.

The electric motor is found in many devices, such as CD players, tape decks,
automobiles, washing machines and air conditioners.

A directcurrent (dc) motor consists of a coil of wire
placed in a magnetic field that is free to rotate about a
shaft. The coil of wire contains many turns and is wrapped
around an iron cylinder that rotates with the coil. The coil
and iron cylinder assembly is known as the rotor or
armature. Each end of the wire coil is attached to a
metallic halfring (copper or brass). Rubbing against each
of the halfrings is a carbon or metal contact called a
brush. While the halfrings rotate with the coil, the
brushes remain stationary. The two halfrings and the
associated brushes are referred to as a splitring
commutator.
In diagram (a) below, the current from the battery enters the coil through the left brush and
halfring, goes around the coil, and then leaves through the right halfring and brush. The
two forces shown, F and F, produce the torque that turns the coil. Eventually the coil
reaches the position shown in (b). In this position, the halfrings momentarily lose electrical
contact with the brushes so that there is no current in the coil and no applied torque. The
moving coil does not stop rotating immediately because its inertia carries it onward. When
the halfrings reestablish contact with the brushes, there is current in the coil again and a
magnetic torque again rotates the coil in the same direction. The splitring commutator
ensures that the current is always in the proper direction to yield a torque that produces a
continuous rotation of the coil.
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Science 122
Electric Motor
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The Force On A Wire Due To Magnetic Field
Experiments show that the magnitude of the force, F, on a wire
in a magnetic field is proportional to three factors:

1. the strength, B, of the magnetic field
2. the current, I, in the wire
3. the length, L, of the wire that lies in the magnetic field

F = ILBsinθ
quantity
variable
magnitude of force
F
current
I
length
L
magnitude of magnetic field B

unit
N
A
m
T

NOTE: The angle, θ, is the angle between the wire and the
magnetic field.
Magnetic force is a maximum when the wire is
perpendicular to the field (θ = 90o) and vanishes when
the current is parallel to the field (θ = 0o or 180o).

NOTE: When a coil of wire is placed inside a magnetic field, the
edge of the coil inside the field must be multiplied by the
number of turns or loops of the wire to obtain the length of
wire, L, in the magnetic field.
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Two CurrentCarrying Wires
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Current in the Same Direction
I

I

B

B

F

F

Currentcarrying wires attract in this case.
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Current in the Opposite Directions
I

I

B

B

F

F

Currentcarrying wires repel in this case.
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Force on a Single Charged Particle
A magnetic field exerts a magnetic force on a charged particle if that
particle is moving.

The force produced by a magnetic field on a single charged particle
depends upon:
1.
2.
3.
4.

the charge on the particle
the velocity of the charged particle
the strength of the magnetic field
the angle between the direction of the velocity of the particle and the
direction of the magnetic field

Remember:

F = ILBsinθ
and

I=q
t

Combining the two equations:

F = q LBsinθ
t
With a little rearranging:

F = q L Bsinθ
t
F = qvBsinθ
F > magnitude of magnetic force (N)
q > magnitude of charge (C)
v > magnitude of velocity (m/s)
B > magnitude of magnetic field (T)
θ > angle between the velocity vector and
the direction of the magnetic field
The velocity of the moving charge must have a component that is
perpendicular to the direction of the magnetic field.

(a) No magnetic force acts on a charge moving with a velocity v
that is parallel to a magnetic field B.
(b) The charge experiences a maximum force when the charge moves
perpendicular to the field.
(c) If the charge travels at an angle θ with respect to B, only the
velocity component perpendicular to B gives rise to a magnetic
force (the component is vsinθ).
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The right hand is oriented so the fingers point along the
magnetic field B and the thumb points along the velocity v of a
positively charged particle, the palm faces in the direction of
the magnetic force F applied to the particle.
If the moving charge is negative instead of positive, the
direction of the magnetic force is opposite that predicted when
using the right hand.
Handout

NOTE: You may need formulas from Physics 122 for some of
the problems on the handout.
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Trajectory of A Single Charged Particle in a Uniform Magnetic Field

When the velocity of a charged particle is perpendicular to a uniform
magnetic field, a special case exists. Study the diagram below.
velocity

force

v
+q

F

v
+q

F

F

v

+q

F
+q

v

The magnetic force always remains perpendicular to the velocity and
is directed toward the center of the circular path.
To find the radius of the path, the concept of centripetal force is
used. The centripetal force is the net force directed toward the
center of the circle that is needed to keep a particle moving along a
circular path.

Fc = mv2
r
In the special case, the magnetic force is the centripetal force and
o
θ = 90 so:

F =qvB
Combining formulas:

qvB = mv2
r

r = mv2
qvB
r = mv
qB
r > radius of the circular path (m)
m > mass of the particle (kg)
v > speed of the particle (m/s)
q > magnitude of charge (C)
B > magnitude of magnetic field intensity (T)
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Try:
Three particles have identical charges and masses. They enter a constant
magnetic field and follow the paths shown in the drawing. Rank the speeds
of the particles, largest to smallest.

Rank: Largest > Smallest

What happens as the magnetic field increases?

28

29

Velocity Selector

Felectric = Fmagnetic

v=E
B
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E=V
d
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Particle Accelerators
The Cyclotron
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Mass Spectrometer

V=W
q

Ek = 1mv2
2

and W = qV

1mv2 = qV
2
v2 = 2qV
m
v=

√

Remember:

2qV
m

r = mv
qB

r= m
qB

√

charge to mass
ratio of ion

2qV
m

q = 2V
m B2 r2
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Examples
1. A stream of singlyionized lithium atoms is not deflected
as it passes through a 1.5 x 103 T magnetic field perpendicular
to a 6.0 x 102 V/m electric field.
a) What is the speed of the lithium atoms as they pass through the
crossed fields? (4.0 x 105 m/s)
b) The lithium atoms move into a 0.18 T magnetic field. They
follow a circular path of radius 0.165 m. What is the mass of a
lithium atom? (1.2 x 1026 kg)

2. A mass spectrometer gives data for a beam of doublyionized
argon atoms, the values are B = 5.0 x 102 T, q = 2(1.60 x 1019 C),
r = 0.106 m and V = 66.0 V. Find the mass of an argon atom.
(6.8 x 1026 kg)
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Electromagnetic Induction

In the same year (1832), Michael Faraday, an English chemist and
physicist, and American high school teacher, Joseph Henry,
showed that a changing magnetic field could produce an electric
current.

To generate a current, either the conductor can move through a
magnetic field or the magnetic field can move past the conductor.
It is the relative motion between the wire and the magnetic field
that produces the current. The process of generating a current
through a circuit in this way is called electromagnetic induction
and the current is called an induced current.

Red Text  Page 516, Figure 251
To find the direction of the current, use your right hand. Hold your
hand so that your thumb points in the direction in which the wire is
moving and your fingers point in the direction of the magnetic field.
The palm of your hand will point in the direction of the conventional
current.
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Electromagnetic Induction  Continued

An electric current can be induced in a loop of wire or solenoid by
moving a magnet into or out of the loop or solenoid. The direction of
the induced current can be found using Lenz's Law.
Lenz's Law: The induced current will always flow in a direction such
that its magnetic field opposes the change in magnetic field that
induced the current.

Simulation
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Example: The figure to the right shows a bar
magnet moving down through a circular
loop of wire. What will be the direction
of the induced current?

S

N

N

S

Example: What will be the direction of the induced current?

N
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Example: What will be the direction of the induced current?
S

N

N

S
Example: What will be the direction of the induced current?
N

S

N

S
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Induced Electromotive Force (EMF)
Inside a battery, chemical reactions create a potential difference, called
the electromotive force or EMF (represented in equations by ξ*).

*Greek Letter

The potential difference or voltage created by a changing magnetic
field that causes a current to flow in a wire is called induced EMF.

If a conducting rod is moved through a constant uniform magnetic
field, an EMF is induced in the rod. The induced EMF is called
motional EMF because it originates from the motion of charged
particles through a magnetic field. If the rod stops, the EMF
disappears.

v

() induced negative pole

F

I

(+) induced positive pole
thumb  direction of moving conductor
fingers  direction of magnetic field
palm  direction of force acting on positive particles

Motional EMF depends upon:

 magnitude of magnetic field strength, B (T)
 the length of the conductor in the magnetic field, L (m)
 the speed of the conductor, v (m/s)

If B and v are perpendicular,

EMF = BLv
Applies to moving
wires or conducting
rods.

ξ = BLv
Once the induced EMF is found, the
induced current can be calculated using
Ohm's Law, V = IR, where V = EMF and
R represents the resistance of a resistor
placed in the circuit.

NOTE: To find magnetic force, use:
F = ILB
F > magnetic force (N)
B > magnetic field (T)
I > current (A)
L > length of wire or rod (m)

38

Example: The conducting rod in the diagram below is 22.0 cm long
and is moving at a speed of 1.25 m/s perpendicular to a 0.150 T
magnetic field. If R = 2.25 Ω, what is the magnitude and direction of
electron flow through the circuit? (1.83 x 102 A, C)

v

R

Example: The conducting rod in the diagram below is 15.0 cm long
and is moving at a speed of 0.95 m/s perpendicular to a magnetic
field. If a current of 5.6 x 102 A is induced in the circuit
a) what is the magnitude of the magnetic field? (0.59 T)
b) what is the direction of the induced electron flow? (C)

v

R = 1.5 Ω

Red Text: Page 518, Practice Problems #1 (4 V, 0.7 A), #2 (0.16 V), #3 ( bottom pole)
Page 531, Applying Concepts #1, 2, 8, 10
Page 532, Problems #3 (0.89 V)
#5 (17 mA)
#8 (5.0 x 103 T)
#9 (20 m/s)
Handout  Conducting Rods and Lenz's Law
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SelfInductance
I

The effect in which a changing current in a circuit induces an
EMF in the same circuit is referred to as selfinductance.

Mutual Inductance
The effect in which a changing current in one circuit induces an
EMF in another circuit is called mutual inductance.

Two coils of wire are placed close to each other. The primary
coil is attached to an AC generator which sends alternating
current, Ip, through it. The secondary coil is not attached to a
generator. A voltmeter can be connected across the secondary
coil to register any induced EMF.

Ip

The currentcarrying primary coil is an electromagnet and
creates a magnetic field in the surrounding region. An EMF is
induced in the secondary coil.
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Transformers
Inductance between coils is the basis for the operation of a transformer. A
transformer is a device used to increase or decrease AC voltage. They are
widely used because they change voltages with essentially no loss of energy.

transformer

picture tube in a TV
accelerates an electron beam
15000V

wall socket
120 V

transformer

cordless device plugged into
socket to recharge batteries
3V  9V

A transformer has two coils, electrically insulated from each other, but wound around
the same iron core. One coil is called the primary coil and the other is called the
secondary coil. When the primary coil is connected to an AC generator, the changing
current creates a varying magnetic field. The iron core is easily magnetized and guides
field lines to the secondary coil. An EMF is induced in both coils. The EMF induced in
the primary coil is due to selfinductance and the EMF induced in the secondary coil is
due to mutual inductance.

P

S
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The EMF induced in the second coil, called the secondary voltage, is proportional to
the primary voltage. The secondary voltage also depends on the ratio of turns on
the secondary coil to turns on the primary coil.

turns ratio Ns
Np

Vs > secondary voltage (V)
Vp > primary voltage (V)
Ns > number of turns on secondary coil
Np > number of turns on primary coil

If the secondary voltage is larger than the primary voltage, the transformer is called
a stepup transformer. If the voltage out of the transformer is smaller than the
voltage put in, the transformer is called a stepdown transformer.

In an ideal transformer, the electric power delivered to the secondary circuit equals
the power supplied to the primary circuit. An ideal transformer dissipates no power
itself. Since P = VI,

VpIp = VsIs
The current that flows in the primary circuit depends on how much current is
required by the secondary circuit.

A transformer that steps up the voltage simultaneously steps down the current and
a transformer that steps down the voltage, steps up the current.
Secondary

Primary

400 V

100 V

10 A

2.5 A

5 turns 20 turns

1000 W

1000 W
StepUp Transformer

Secondary

Primary
1000 V

2A

200 V

50 turns

10 turns

2000 W

10 A

2000 W
StepDown Transformer
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Example
A certain stepup transformer has 2.00 x 102 turns on its primary coil and
3.00 x 103 turns on its secondary coil.

a) The primary coil is supplied with an alternating current at an effective
voltage of 90.0 V. What is the voltage in the secondary circuit? (1.35 x 103 V)
b) The current flowing in the secondary circuit is 2.00 A. What current flows in
the primary circuit? (30.0 A)
c) What is the power in the primary circuit? in the secondary circuit?
(2.70 x 103 W)
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Attachments

Science 122  Problems Magnetic Field Produced by A Wire.doc
Science 122  The Force on a Wire in a Magnetic Field.doc
Science 122  Quiz  Magnets ﴾Start to Motors﴿.doc
Science 122  Force on a Charged Particle.doc
Science 122  Magnetic Fields and Circular Paths.doc

