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Magnetic Poles

e Every magnet has has two ends called poles

e Every magnet has a north and south pole (like poles repel, unlike poles
attract)

e Cannot separate north and south poles

[N RN

Opposite poles attract

N N K

Same poles repel



Magnetic Flelds

e There is a magnet field that surrounds the magnet and is seen by the
magnetic field lines

e Magnetic field lines point from north to south and never cross
e The density proportional to the strength of the field

{

Magnetic
Field Lines Magnet

North Pole

South Pole



Making Magnets

e Magnetic fields are produced by the motion of electric charge
e A moving charge is surrounded by a magnetic field
e Charges in motion have an electric and magnetic field




Domains

e Clusters of aligned atoms in a metal are called magnetic domains
e The difference between a regular and a magnet are the alignments of the
domains

-— g eu
— o 4 AL N \1\/"
Magnetised Unmagnetised

{domains lined up) {randomly orientated domains)



Common Mistake

A common mistake is the direction a magnetic field travels.

Always remember that magnetic poles travel from north to south.
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Right Hand Grip Rule

Thumb
(Current)
Fingers
(Magnetic \—

Field)

The strength of the magnetic
field is dependent on two on
two quantities:

e Current (l)
e Radius (r)



B=p,l/2mr

B - Magnetic Field

U0 - 4rix107" permeability of free space
| - Current

r - radius



Example 1

A horizontal current carrying wire has a current of 5A that is
traveling out of this slide. What is the magnitude and direction
of the magnetic field 30 cm to the left of the wire?

30 cm




Electromagnetic Induction

Lines of

Occurs when voltage is induced by a
changing magnetic field.

Induced ] ﬁ;"-
emf ‘,’

It does not matter if the conductor
moves past the magnetic field or vice

versa, both produce the same result. Hotating +(\/G}
Magnetic  Vans
Field _

However, the induced current will
always resist the magnet’s motion.




Factors That Affect Electromagnetic Induction

e The speed of the wire through the magnetic field

(faster = higher induced voltage)

e The number of loops in the wire =~ )

(more loops = higher induced voltage)



Faraday's Law
Predicts the magnitude of an induced voltage.

The magnitude can be affected by

e The strength of the magnetic field
e The cross-sectional area of the coil (its width)

Magnetic Flux = (mag field strength) x (cross-sectional area of coil)
The Magnetic Flux is measured in units of Webers (WD)

P = B A=BA sinB



Faraday’'s Law of Induction

V = NAD/At
Voltage Induced = (# of loops) x (change in flux over change in
tlme) Coil or Loop Direction of Movement

RIS
EHN
Ap s

Galvanometer



aee . The Coil
" Repels th

’ ~ Magnet
Lenz’'s Law &‘h

=
When the N pole

of the magnet is

When the N Pole
of the magnet is

moved towards moved away from
the coil, end of the coil, end of
coil becomes N coil becomes S
Pole. pole.

Predicts the direction of the induced voltage

The magnetic field of the current will always oppose the
magnetic field that produced it



Common Misconception

An easy mistake to make is to
approach problems where a conductor
IS moving past a magnetic field
differently compared to problems when
the magnetic field is moving past a

B field
conductor. X
Free electron—»-
This can be avoided by remembering XX X X
that it does not matter which is moving X ¢ X X X
and both can be approached using the
same method. X=X X X

Copper Wire Moving To The Right
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Magnetic Forces on Electric Current

Newton’s Third Law: An electric current exerts a force on a magnet; therefore, a
magnet exerts a force on a current carrying wire

The magnitude of force on electric current due to magnetic field depends on these
factors:

1. Strength of the magnetic field

2. Current in the wire

3. Length of the wire in the magnetic field

4. Angle the wire makes with the magnetic field



Example Problem

A wire carrying a current of 23 A has a length of 9 cm and lies perpendicular to the
magnetic field. The magnetic field has a strength of 20 T. What is the force that

the magnetic field exerts on the wire?



Magnetic Forces on Moving Charges

Magnetic fields exert a force on moving charges
Magnitude of the force on moving charge due to magnetic field depends on the

strength of the magnetic field

charge of the particle

velocity of the particle

angle the velocity with the magnetic field

FB = qvBsinB

BN~



Right-Hand Rule, Part 2

Magnetic force in
perpendicular to the
current and magnetic
field.

Common Mistake: For
negative charges, don’t
forget to use your left
hand instead of your

right. )

adapted from |mage. r:Acdx on Wi
http://commons.wikimedia T‘ga’wlkfFI Rgh‘i‘ ha

kimedia Commons
nd_rule_cross_product.svg




Generators and Motors

-> Electric Motors convert electrical energy
into mechanical energy
-> Electric Generators convert mechanical

energy into electric energy

€ The exact opposite of a motor




INDUCED E.M.F.

As the loop rotates, voltage is induced
Each full rotation is one complete voltage
cycle

Because the voltage goes from negative to

positive, it is called Alternating Current

Y L

Y rd AY

LY L
N 17 Y

T
i

!

]

L A W 1 AY
L AN

1 REVOLUTION —}




Transformers

-> Atransformer changes an AC voltage

-> They consist of two coils of wire: primary and secondary coils

=> They are linked with a soft iron core or interwoven with insulated wire

Secondary Coil

Core

Output voltage

N
/N

Primary Coil

Input voltage



Transformers

-> Induced voltage is proportional to the
number of loops in the coil

Primary voltage Secondary Voltage

Number of Primary turns Number of Secondary Turns

-> Vp/Np=Vs/Ns




Transformers

If the secondary coil has more loops than the If the secondary coil has less loops than the
primary coil it has a greater voltage. primary coil it has a lesser voltage.
Step Up Transformer Step Down Transformer

One common mistake is thinking both voltage and current increases. If voltage increases,
current decreases.
P=IpVp=IsPs



Transformers

If you want to step down 200V to 120V
and have a transformer with a 100 loop
primary coil, how many loops does the
secondary coil have?
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