
Ch 12 - electricity and magnetism 
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12.1 Magnetic fields
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· Magnets exert a force which sets up a magnetic field.

· All magnets have north and south poles.

· Like poles repel, unlike poles attract.
Example 1

Draw the directions that the compass needles would point.
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Direct Current Alternating Current




12.2 Oersted’s discovery

OERSTED
Danish physicist Hans Christian Oersted (1777–1851)
discovered that a wire carrying electric current creates a magnetic field around itself.
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principle of electromagnetism

Whenever an electric current moves through a conductor, a magnetic field is created in the region around the conductor.
right hand rule #1 - for a straight conductor
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· straight conductor is held in the right hand

· right thumb pointing in the direction of the electric current

· curled fingers will point in the direction of the magnetic field lines
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EXAMPLE 1 [image: image23.emf]









EXAMPLE 2
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EXAMPLE 3
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[image: image26.emf]EXAMPLE 4
The diagram represents two parallel current-carrying conductors. 

Determine whether the conductors attract or repel one another. Explain your reasoning.

12.4 solenoids
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Solenoid

A coil of wire that acts like a magnet when an electric current passes through it. The field lines inside the coil are straight, almost equally spaced, and all point in the same direction. 

We call this a uniform magnetic field; the magnetic field is of the same strength and is acting in the same direction at all points.

Right Hand Rule #2  - for a solenoid
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· coil is grasped in the right hand 

· curled fingers represent the direction of electric current

· the thumb points in the direction of the magnetic field inside the coil (North end)

The strength of the magnetic field of a coil may be increased by

· increasing the current in the wire

· wrapping it around an iron core

· increasing the number of loops in the coil

EXAMPLE 1








EXAMPLE 2
[image: image29.emf]Show the direction of current flow.

Find the north and south pole.
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[image: image30.emf]EXAMPLE 3
Find the north and south pole.
12.5 the motor principle
[image: image31.emf]faraday

English physicist Michael Faraday (1791–1867) set out to prove that a magnet could cause a current-carrying wire to move.
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the motor principle
If a conductor, that carries current, cuts through an existing magnetic field, it experiences a force that is perpendicular to the magnetic field and the current.

The magnitude of this force depends on:

· magnitude of the magnetic field

· magnitude of the current

· angle between the conductor and the magnetic field
right hand rule #3 – motor principle
· [image: image32.emf]fingers of the open right hand point in the direction of the external magnetic field, 

· thumb points in the direction of electric current

· force on the conductor will be in the direction in which the right palm faces
	example 1

Find the missing values.
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	example 2

Determine the direction of the force.
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12.6 DC MOTOR

EXAMPLE 1
(a) name the parts of the motor that are labelled

(b) determine which end of the coil is North

(c) state in which direction the coil will spin
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[image: image35.emf]12.6 the DIRECT CURRENT motor
DC MOTOR

[image: image7.png]1. The current moves into the top curved, split-ring commuta- 2. The north and south ends of the armature are

tor (A) and is fed to the armature (coiled electromagnet) attracted to the opposite poles of the field magnet.
through the brushes. Applying the righthand rule, the Rotation continues until the brushes meet the split of
upper-left end of the armature is south. Repulsion from the the commutator.

field magnet rotates the armature clockwise.





[image: image8.png]3. The commutator split directs the current to the bottom 4. The continuous current flow reversal in the armature
commutator (B), causing a current-direction and magnetic- (due to the commutator) is responsible for the con-
pole reversal in the armature. Once again, the upperleft tinuous operation of an electric motor.
hand armature is south and the entire cycle begins again.
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Ch 13: electromagnetic induction
13.1-13.2 FARADAY’S LAW OF ELECTROMAGNETIC INDUCTION 

An electric current is induced (created) in a conductor whenever the magnetic field in the region of the conductor changes. 
OR

A changing magnetic field near a conductor will cause current to flow in that conductor.

faraday’s ring apparatus

[image: image38.emf]
· When the switch opens or closes there is a change in current in the primary coil.

· The change in current causes a change in the magnetic field.

· The changing magnetic field induces a current in the secondary coil.

[image: image9]
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lenz’ law

The direction of the induced current creates an induced magnetic field that opposes the motion of the inducing field.

induced field (created)

the magnetic field produced by the new current

inducing field (creating)

the magnetic field that causes the new current
Example 1

Show the following:

(a) the polarity of the induced magnetic field

(b) the direction of the induced electric current
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	example 2
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Determine the direction of the induced current.


	example 3

Determine the pole of the bar magnet that is being inserted into the induction coil.
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13.4 generators
You can generate (create electricity) in a wire by placing the wire in a changing magnetic field.
The electricity generated and supplied in the power gird uses alternating current.
Origins of AC and DC current
A magnetic field near a wire causes electrons to flow in a single direction along the wire, because they are repelled by the negative side of a magnet and attracted toward the positive side. This is how DC power from a battery was born, primarily attributed to Thomas Edison's work.

AC generators gradually replaced Edison's DC battery system because AC is safer to transfer over the longer city distances and can provide more power. Instead of applying the magnetism along the wire steadily, scientist Nikola Tesla, used a magnet that was rotating. When the magnet was oriented in one direction, the electrons flowed towards the positive, but when the magnet's orientation was flipped, the electrons turned as well.

AC versus DC 
Direct Current - Direct current is the constant flow of electric charge in one direction. Batteries generate direct current to power handheld items. Most electronics use direct current for internal power often converting alternating current (AC) to direct current (DC) using an invertor. 

Alternating Current - Alternating current is current where the flow of electric charge is constantly changing directions. Alternating current is mostly used today to transmit power on power lines. In Canada the frequency at which the current alternates is 60 Hertz. Some other countries use 50 Hertz as the standard frequency. 

Lenz’ law
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Applying Lenzs law to a loop of wire




AC GENERATOR
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AC GENERATOR (from your text)
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DC GENERATOR
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13.5 transformers
TRANSFORMER - A device that consists of a core of soft iron with two separate coils of wire used to change the voltage.
Transformers function only if there is a changing magnetic field. (A changing electric current will cause a changing magnetic field.)
STEP-DOWN TRANSFORMER
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A transformer with fewer windings on the secondary coil, resulting in decreased voltage. (high potential difference to low potential difference)
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STEP-UP TRANSFORMER

A transformer with more windings on the secondary coil, resulting in increased voltage.  (low potential difference to high potential difference)


EQUATION
V p = I p = N p

V – voltage

I –current

N – number or windings
V s      I s    N s

p – primary coil
s –secondary coil
[image: image43.emf]
example 2
Calculate the voltage on the secondary side.

example 3
A door chime designed to operate at 8.0 V is connected to a 120-V power supply through a transformer. In the secondary coil the number of windings is 100 and the current is 1.8 A. Find

a) the number of windings in the primary coil

b) the current in the primary coil

c) power supplied on the primary side and power delivered on the secondary

example 4
A mercury vapour lamp operates at 3.0 × 102 V and has a resistance of 40.0. A transformer supplies the energy required, from a 1.2 × 102 V power line. Calculate

a) the power used by the transformer

b) the primary current

c) the ratio of primary turns to secondary turns in the transformer

13.6 power generation and distribution
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[image: image44.emf]why the high voltage?

· Power loss is determined by the current and the resistance of the wire.

P = VI
 (Power = Voltage x Current)

· Lowering the current minimizes power loss.

· If you lower the current, you must increase the voltage. 
	DIRECT CURRENT (DC)
Batteries, fuel cells and solar cells all produce something called direct current (DC).  Current always flows in the same direction between those two terminals.


	ALTERNATING CURRENT (AC)
The power that comes from a power plant, on the other hand, is called alternating current (AC). The direction of the current reverses, or alternates, 60 times per second (in Canada).



[image: image45.emf]why did AC win over dc?

· At a low voltage (high current), there is a HUGE power loss.

· Need transformers to step-up the voltage & reduce current.

· Transformers function only if there is a changing magnetic field. (a changing electric current will cause a changing magnetic field)
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Therefore you need AC!!
The advantage of AC power over DC power is that

· AC power allows the operation of transformers.

· Transformers allow us to transport electricity at high voltage to minimize power loss.
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