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Where Magnets are Used

Generators Electric guitars




Lodestone

The first known magnets were naturally occurring
lodestones, atype ofiron ore called magnetite (Fe;0,).
People of ancient Greece.

China discovered that a lodestone would always align
itself in a longitudinal direction if it was allowed to rotate
freely. This property of lodestones allowed for the
creation of compasses two thousand years ago, which
was the first known use of the magnet.
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What Is a magnet?

If a material is magnetic, it has the ability to exert forces on
magnets or other magnetic materials.

1) Permanent magnet is a material that keeps its magnetic
properties even when it is NOT close to other magnets.

Bar magnet Horseshoe magnet




2) Induced Magnet:

Temporary Magnet: are those which act like a permanent
magnet when they are within a strong magnetic field, but
lose their magnetism when the magnetic field disappears.
Examples would be paperclips and nails and other soft
iIron items. |

Electromagnet is a tightly wound coil of wire, usually with an
Iron core, which acts like a permanent magnet when current is
flowing in the wire.
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Electrons and Magnetism

When electrons are still they have an electric field around
them (last section on electrostatics), but when electrons are
moving they have an additional field called a magnetic
field.

All magnetism is due to the motion of electrons.



The electrons undergo two types of motion: spinning and
revolving.

This causes the atom to have a magnetic field around it.
That is.. It's like a tiny, tiny magnet.

The word for such a tiny magnet is dipole, where di-pole
means two poles, a north pole a south pole.



Explaining Magnetism

Domain Theory is used to explain how a piece of material (ie.
Like iron) can become a magnet.
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S S8 s q/h;‘N N N N -—o 8/ P B Pl
N B S T N S N N N N
o i8N S N S S
NN _N s SS 5 N s \ S 3
s —eN S § 3 s— N s N
S ———= N | ‘ / N \ . S-——=«N
§ ———— oN N\ 380 g N
S ——«N-_N NN S TN N — fl\.

Unmaéﬁﬂéﬂt}ﬂsﬁﬁ\
The arrows represent the direction of the magnetic fields of
iIndividual dipoles due to the spinning electrons.

Domain refers to cells or neighborhoods in which the dipoles
have the same orientation. Therefore, each domain has a
north and south pole.

This piece of iron is unmagnetized because the magnetic fields
of different domains are in random.



Stroking magnet not shown
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| The piece of iron becomes a magnet!‘

The picture below shows what happens to the domains of the
piece of iron Iif it is stroked many times with a magnet.

The magnetic field of the magnet causes the domains of iron to

line up. Not only do the domains line up, but some domains
become larger.

The piece of iron has become a magnet. (Induced Magnet)

Any magnet, whether factory made or home made, can have only a
certain strength. Once all the domains are lined up or nearly lined
up, that's it! It can't become any stronger.
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The magnetic fields of the domains of a magnet will be
almost perfectly lined up as shown.

The picture also shows that a magnet is a very large
dipole.



If the piece of iron is snapped in two, you will have two
magnets! Each of the two pieces will have N and S poles.

a broken
magnet
becomes two
magnets

Since the magnet was created by causing the domains to line
up, the piece of iron can be demagnetized by making sure that
the domains take up random directions once again.

Two ways to do this are:
1. By heating the iron

2. By submitting it to some other kind of shock which will
cause molecular disturbance.



SUMMARY

etized iron

Unmagn

Slightly magnetized iron’
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When a magnet is broken
info tfwo pieces, each piece

is an equally strong magnet
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Fred brings home one too many cute
refrigerator magnelts.
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How do magnets interact with different materials?

1) Substances that are attracted

Ferromagnetic refers to substances that are strongly
attracted to magnets. This would
Include elements like iron, nickel, and
cobalt.

@ Ferromagnetism = I I

Paramagnetic refers to substances that are weakly
attracted by a magnets. This would
Include elements like aluminum, sodium,

strontium

@ Para.magnetism

e



« Magnetic domains in a ferromagnetic material will
always orient themselves to attract a permanent
magnet.

 If a north pole approaches, domains grow that have
south poles facing out.

 If a south pole approaches, domains grow that have
north poles facing out.
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2) Substances that are repelled

Diamagnetic

Diamagnetism

refers to materials in which the
electrons are oriented so their individual
magnetic fields cancel each other out.
Such substances are weakly repelled by
a magnet. Examples are bismuth, zinc,
silver, carbon, copper, gold and lead

1!
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Properties of Magnets

Magnets have two opposite
poles.

north
South

Magnets exert forces on each
other.

The forces depend on the
alignment of the poles.
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Force Between Two Magnets

* The strength of the
force between
magnets depends on Comparing force vs. distance

the distance between === Ekcricalforce and graviy
them. Force between twe magneis

* The magnetic force
decreases with
distance much faster
than does either
gravity or the electric
force.

Force




The Law of Magnetic Forces

Similar magnetic poles (north and north or south and
south) repel one another with a force, even at a
distance apart.

Poles which Repel
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Dissimilar poles (north and south or south and north) attract
one another with a force, even at a distance apart.

Attracting Poles
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« Plastics, wood, and most insulating materials are
virtually transparent to magnetic forces.

« Conducting metals, like aluminum, also allow magnetic
forces to pass through, but may change the forces.




Magnetic field

Test magnet

Magnetic field is a region of space & - &
r’

where a magnetic material, or a
current carrying conductor or a

_ Source
moving charge experiences a force ﬁ magnet
when placed in it.

Magnetic field :
A
1) Creates forces on other magnets. y T =
W e ¢

2) It Is represent by B

3) It iIs measured In Tesla (T)

4) It Is a vector quantity
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Field Lines Around a Magnet

Iron Fillings can be used to observe field lines around a
magnet

Bar Magnet Horseshoe
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Broken Magnet

When we try to separate the two poles by breaking the
magnet, we only succeed in producing two distinct
dipoles (pic on right).
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Magnetic field lines describe the structure of magnetic
fields in three dimensions.
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Mapping Magnet Field

A compass can be used to map a magnetic field.
Compass
@é@@@
9 ®
O ®

SISIONT 2000

o >
0000@°

The direction of a magnetic field at a point within the field
IS the direction that a compass points when place at that
location--in other words magnetic lines of force start at
the north pole and end at the south pole.




Test compasses pointing
in direction of force m
L

The test compass maps the field lines around a simple bar
magnet by rotating its dipole to indicate the direction of force that
its North end experiences in the magnetic field at that particular

point in space.

Magnetic field lines are drawn tangent to the compass needle
at any point. The number of lines per unit area is proportional to
the magnitude of the magnetic field.

The direction of the magnetic field is defined as the direction in
which the north pole of a test magnet (compass) would point
when placed at that location.






Remember: Using iron filings is equivalent to using many tiny
compasses with undefined poles. Notice how the magnet is a
dipole because each field line begins at one pole and flows to
the corresponding point on the opposite pole. The law of
magnetic forces dictates the convention that field lines flow
from the north pole to the south pole of the field-creating

magnet.
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Earth’s Magnetic Field

Crust

Molten iron outer core

Solid iron inner core

Mantle

English physicist Sir William Gilert suggested that Earth’s
magnetic field is created by the flowing motion of hot liquid
metals under Earth’s crust.

This notion led scientists to a better understanding of the
cause of magnetic character at the atomic level. The
Interaction between a compass (a free-spinning permanent
magnet) and Earth’s magnetic field has been of great
Importance for navigators around the world.



Why is the North Pole of a Compass attracted to the Earth’s
North Pole?

When you use a compass,
Nofttramagretic-potex-r— Nerthgeographie-poit the north-pointing end of the
T )
T needle points toward a spot
near (but not exactly at) the
Earth’s geographic north
pole.

The Earth’s magnetic poles are
defined by the planet’'s magnetic
\ Magnetic axis fleld .

..
|
Rotational axis

That means the south magnetic pole of the planet is
near the north geographic pole.

The magnetic field also varies in strength over the earth's
surface. It is strongest at the poles and weakest at the equator.



How Does a Compass Work?




Depending on where you are, a compass will point slightly east or west of true
north.

« The difference between the direction a compass points
and the direction of true north is called magnetic
declination.

Direction to go After correcting for the

UL declination, you rotate the
== | A | | whole compass until the north-
H pointing end of the needle
3 lines up with zero degrees on
. the ring.
(o | The large arrow points in the
%) direction you want to go.

Needle

Adjustable <0 &:
ring



North Rotation
axis

geographic pole | Declination

(“true north™)

Magnetic

Compass

Magnetic
pole South
geographic pole

Copyright © 2005 Pearson Prentice Hall, Inc.



Write 1 -5 in your exercise

Test yourself

1. A space probe lands on the newly discovered planet Scisyhp and a magnetic
probe indicates that the soil particles are repelled by both poles of a magnet.
Which of the following properties best describes the soil?

a) paramagnetic

b) diamagnetic

c) lodestone

d) ferromagnetic

2. What is the proper phrase to describe the magnet that is made when a piece of
iron is stroked with another magnet?

a) permanent magnet

b) diamagnet

c) induced magnet

d) electromagnet

3. Which is the true statement?
a) a domain is the smallest possible dipole
b) in a domain all the atomic dipoles are aligned
c) in a magnet the domains have random magnetic directions
d) a domain is the largest possible dipole



4. Which pair of magnets are behaving incorrectly?
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5. Which of the following pictures show a magnet incorrectly labeled after being
broken into three pieces?

2) 184 1 2 3 4
:)z 11,”85,3and3 f 2 S F 9k B W[ S nE

Click for Answers: | BCBDA
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Activity

In your textbook:
on p. 638--do #1,#2 a,d,c,f onp. 663--do #6 - #8
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The Magnetic Field Around a Straight Conductor

Hans Oersted, (1777-1851), a Danish
physicist, in 1819, discovered the
deflection of a compass needle while near

a current-carrying wire.

Compass

This discovery of a connection
between electricity and magnetism ©2000 How Stuff Works

rocked the scientific community.



Oersted’s Experiment




Hans Oersted’s research revealed that the magnetic field lines
form concentric circles around the wire. The direction of the
magnetic field is perpendicular to the wire.

- = Current
upwards

Current
downwards

Stop

- varlable resistor,
if needed

SOLrce




A current-carrying conductor produces a
magnetic field around it

All Points Pointing North
No Applied Current

e ..

200 Amps Through Wire
-—-Magnets Swing to New Field




Cautionary Note

You are going to meet several
left-hand rules. lItis

extremely important to
remember that left-hand rules
do not work for moving positive
charges (only for moving
negative charges).

Equally important, if you do physics in
college or university, you will likely be
using conventional current (flowing
from + to - as pointed out in Section
02, Lesson 01). Left hand rules do not
work for conventional current.



1st
| eft Hand Rule
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around current bearing wires




1st
Left Hand Rule

Thumb points in the direction
of electron flow.

Fingers curl around the wire
In the direction of the
magnetic field.



The magnetic field in front of the wire points
towards the top of the page.



v- c & g V g

The magnetic field behind the wire points
towards the bottom of the page.



— — — — - L —)
The magnetic field above the wire points
Into the page.



— — — — - L —)
The magnetic field below the wire points
out of the page.



Again, The
thumb of the

left hand
The fingers points in the
curl around direction of
the wire in electron flow
the direction
of the

magnetic
fleld
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The magnetic
field in front of
the wire IS to

the left 7 ! _)
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The magnetic ‘_ O

fleld on the
left side of the
wire 1S back
Into the page
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The magnetic
field behind
the wire Is to

the right

0
‘.1_)
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The magnetic
field on the
right side of
the wire Is

pointed out of

the page



Out of the
page Is
shown by a
dot

Ny
—4 S

Into the page
IS shown by
an X



Out of the
page Is
shown by a
dot

Into the page
IS shown by
an X

el ' e
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Out of the
page Is

‘ shown by a
dot

X

Into the page
IS shown by

an X x




The current flow I1s now to the left

Grasp the wire with your w: hand



The current flow I1s now to the left
=n E
The thumb points

In the direction of the fingers curl

electron flow, around the wire in
the direction of the
magnetic field.




The current flow i1s now to the left

-: (— <=mn g.gg 4= 4=
N
y/ \' p y
The thumb points
In the direction of the fingers curl
electron flow, around the wire in

the direction of the
magnetic field.



The current flow i1s now to the left

The thumb points
In the direction of the fingers curl

electron flow, around the wire in
the direction of the
magnetic field.



Each of the following diagrams
shows a section of wire that has
been enlarged.

Associated with each wire Is
the direction of current flow
and the magnetic field around the wire.

Determine which of the following diagrams
are correct.



Does the diagram at the right show the
correct orientation of the magnetic field
around the current bearing wire?.

CORRECT| |WRONG




X X X X X X

Is the diagram at the left

correct? @

The diagram is...

CORRECT| [WRONG




The diagram shows a
compass placed above a
current bearing
wire.




The compass needle points
into the page




What is the direction of the current flow in
the wire?

Click on your choice above.



Summary of Left Hand Rule # 1

The direction of the magnetic field is perpendicular to the wire
and is in the direction the fingers of your left hand would curl if
you wrapped them around the wire with your thumb in the
direction of the current.

sida view
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Jean-Baptiste Biot (1774-1862) was able to
calculate the magnetic field strength at a certain
distance from a wire.

Biot Law states that the magnetic field
strength (B) is directly proportional to the
current in a straight conductor, and ————
iInversely proportional to the perpendicular% _>>
distance (r) away from the conductor.

@
—

=
B is magnetic field =>Tesla (T)

g_ th!
27

| Is current => Amperes => A
M, IS magnetic permeability => T-m/A

If the field is in free space, the u is written as y, where
U, =41 x 10-7 T-m/A. Air can be considered to be free space.



Practice exercise 1

Find the magnetic field strength (B) in air 7.0 mm away from
a straight conductor in which there is a current of 2.0 A.

Solution
r=7.0mm=7.0x10-3m
|=2.0A

uo =41 x 10-7 T-m/A (air)
B =72



Practice exercise 2

A potential difference of 12.0 V is applied to a straight conductor,
the magnetic field strength (B) 2.0 cm from the conductor is

3.0x 10> T. What is the resistance of the conductor?

Solution

V =120V B = 3.0x10°T

M, =4p x 107 T-m/A (air) r =20cm=2.0x102m
R =7 | = 7



Practice Exercise 3

Two parallel wires each carry 5.0 A of o
current in opposite directions. What is the 5 4 l
magnetic field strength midway between

?
EE
the wires if the wires are 10 cm apart? @ @

Solution

|1 = |2 = | = 5A | A I
rhh =1 =TI = 50cm=50x10%2m m sem |5 em
Mo, =4p x 107 T-m/A (air)

B = BZ =7



Assigned activities

Worksheet: The Magnetic Field (B) around a Straight Current Carrying

Conductor



Activity

Worksheet: Mapping Magnetic Fields




Unit 3: Section 3 Electromagnetism

Topic 9 : Solenoids and Magnetic Field

TEXT REFERENCE




Magnetic Field Around A Wire Carrying Current

Imagine that the wire is bent so the back end is on the bottom with the current
going into the screen

e represent current coming out of
the screen

in this region
the |Ines are Iﬁ/_\—?
the same directlon

ry

X current going into the page

left-hand rule #1 can be used to confirm that the magnetic
field is in the proper direction. Note the region where the
magnetic field lines are in the same direction.



Electromagnets-Solenoids

Solenoids consist of a tightly wrapped coll of wire,
sometimes around an iron core. They are one of the
most common electromagnets.

Solenoid you have
seen!

Direction of s
Current

Solenoid you will you in this
course!

T ..................,...o---....m...,u.,“-.ﬁ.qu.
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Magnetic Filed Around a Coll

Solenoid behaves as just like a simple bar magnet but only
when current is flowing.

e
Henry (eap and Am (efman

(b)
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How Does It Work

Now imagine that you have wrapped it - .y .¥.¥. V. ¥ .
around a cardboard centre like the one | L £ L L L L L
found in the centre of a roll of toilet paper.

The result will be somethlng like the picture

Use your imagination again, and
visualize what you would "see" if the
coll were sawed down the middle:

If you discard the half of the coil nearest you, will be left with something like
the picture below. On the top of the coll the current is coming out of the
screen, and on the bottom of the coll the current is going into the screen.

Pesee

e Lo\ N LN
1CECNECIECIEC )N



Look more closely at the way the fields of each turn add together. Inside the
coil all the little fields add up to the left. On the outside of the coil all the
fields add up to the right. The end result can pictured as follows.

TN
_ eecee
— N
T P0e0®
. . / /
~ ~  — -

@ Wire with current coming towards you.
® Wire with current going away from you.



The strength of an electromagnet

In elementary school, you very probably made an electromagnet by wrapping
wire around a nail or an iron bolt.

The magnetic field around such an electromagnet depends on the
direction of the current and
the direction in which coil is wound.

Dir eztion of
Current



Factors that affect the strength of an Electromagnet

1. Size of the current--the bigger the current, the stronger
the field

2. Size of the coil--the smaller the diameter, the stronger the
field
3. Number of turns in the coll--the more tightly wound the coll

IS, the stronger will be the field

4. Type of core inside the coll--an electromagnet wrapped around
a ferromagnetic core will be much stronger than one wrapped

around a cardboard coil. —

— o
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Strength of an Electromagnet

There is a term that accounts for the change in the strength of an
electromagnetic according to the type of material that comprises the core.
The term is magnetic permeability, and it is represented by the Greek
letter mu ().

The relative magnetic permeability of a substance is a ratio of the strength of
the magnet when the core is made of that substance to the strength when
their is no core at all.

Ferromagnetic substances have a high permeability. You can find the
magnetic permeability of some familiar substances in Table 15.3 on p.
637 of your textbook.



Uses of Electromaqgnets

1) Circuit Breaker - A safety device that switches off the
electric supply when excessive current flows through the
circuit. Uses an electromagnet to open the circuit.

& 21002 HowStuifiWorks
Terminal

-H

Contact '
L
=

Moving 1
Contact | 1
I

Terminal

Normal condition

The basic circuit breaker consists of a
simple switch, connected to either a
bimetallic strip or an electromagnet. The
diagram on the left shows a typical
electromagnet design.

The hot wire in the circuit connects to
the two ends of the switch. When the
switch is flipped to the on position,
electricity can flow from the bottom
terminal, through the electromagnet, up
to the moving contact, across to the
stationary contact and out to the upper
terminal.



The electricity magnetizes the electromagnet.
Increasing current boosts the electromagnet's
magnetic force, and decreasing current lowers
the magnetism. When the current jumps to
unsafe levels, the electromagnet is strong
enough to pull down a metal lever connected
to the switch linkage. The entire linkage shifts,
tilting the moving contact away from the
stationary contact to break the circuit. The
electricity shuts off.

Circuit breaker in operation



Uses of Electromaqgnets

2) Magnetic Relay - A device to control the switch of
another circuit without any direct electrical contact
between them.

switch R@iaywx%:{ Pump|

24 volt 240 volt

Typical Relay Control Circuit



Uses of Electromaqgnets

3) Electric Bell - The electromagnet
forms the core of the electric bell. H
When the bell button is pressed, the
circuit is closed and current flows.

The electromagnet becomes

magnetised, attracting the soft iron
armature and the hammer strikes the

gong. However, the circuit will 2
break and the electromagnet loses its |
magnetism and the springy metal 8
strip pull back the armature and the

circuit is closed again. The process

repeats.




Uses of Electromaqgnets

4) Magnetic Resonance Imaging
(MRI) - A popular method of
medical imaging that provides
views of tissues In the body. It is a
huge scanner containing a solenoid
made of superconductors.




Unit 3: Section 3 Electromagnetism
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Shown here is a
loop of wire
connected to a
potential source.



L0)pS

Ve

The electrons flow
from the negative
terminal of the
battery



through the
wire and back
to the positive
terminal.




L0)pS

through the
wire and back
to the positive
terminal.




L0)pS

We know that
when current flows

through a wire a
magnetic field is
formed.




L0)pS

We use the

N0 eft Hand Rule

to determine the
direction of the
magnetic field.



0| eft Hand Rule The arrows

show the
direction of
electron flow.

for

Loops and Coils



N0 eft Hand Rule

Grab the loop
with your

for

Loops and Coils



Curl your fingers
around the loop In
the same direction
as the electron

P ——

N0 g Hand b
7/

for

Loops and Coils



Your thumb
Now points

o

for

Loops and Coils



ﬁk

The magnetic
field on the
outside of the
loop Is from the
north pole to
the south pole

~a




The magnetic
fleld inside the
loop travels
from the south
back to the
north




If we place a
compass inside
the loop it
points in the
direction of the
flux lines




Outside the loop a compass still points in the
direction of the magnetic flux lines






Several LOOPS of wire are
called a

Coil

Gl




We also use the

N0 eft Hand Rule

to determine the magnetic field around a
coil.

Gl




To demonstrate the

0| eft Hand Rule

we'll start by building an
electromagnet.

(ol




To build an electromagnet
or solenoid we start with a
cylinder.

(ol




We could use one of the
cardboard rolls found at the
center of toilet paper rolls

(olls




If the inside of the cylinder
IS hollow It Is said to have
an air core.




The front side of the
coll is called the face
of the caoll.

FACE | <




We will start creating an
electrical solenoid by
wrapping wire around

the core.




Each wrap is a
loop of wire.




and all the
loops form a
coll




\\\!

Next attach a
potential source

(battery)
to the wire.

3




The current will flow
from the negative
terminal

WY




\\\!

through the wire
and back to the
positive terminal.

3




The current flowed
up the back of the




and down the front
side or face of the
coll.




Current flowing through
the coll creates a
magnetic field.




The

N0 eft Hand Rule

IS used to determine the

| direction of the magnetic

o O &




The next few slides will
show how to apply the

. 2N eft Hand Rule

to this coll.
A VAV,

3




2nd|-eft Hand RU‘G Grasp the coill

with your left
hand curling
your fingers
around the
coil in the
direction of
electron flow.

Your thumb
points to the

NORTH
end of the coi for loops and coils



znﬂ/Lef.tfHa’ﬁ’d'Ru 2 >

\

\

he fhagnetic flux
liIRgS come

aUt of t(he NORTH,

50 around and

into The-SQUTH. for logps andCails




e

In what direction would a compass point if

placed above the coll?

>— > >




A compass will point in the same direction as

the magnetic flux lines at that point.
> > >




Now we are going to replace
this coll with another coll that -
has the wire wrapped around in

3

the oppw



The battery will still be
connected with the negative
terminal on the left.




Watch closely so you
can see the difference.




Watch closely so you
can see the difference.




The current still travels
from the negative terminal
through the coil and back to
to positive terminal.

I




< > > T

Notice that the electrons travel up
the face of the coll, over the top

and down the back
¥ N .' ) ] O

/A

(o)




< > > T

Notice that the electrons travel up
the face of the coll, over the top

and down the back
¥ N .' ) ] O

/A

(o)




d Use the

2N gft Hand Rule
0 determine the NORTH
end of the coll.

I/
L




Grab the coll with your

Left Hand




Your fingers will follow
the electron flow.




Curl your fingers over
the top and down the




You thumb points to the

NORTH

end of the coll.




We now know the

SOQUTH

end of the coll.




and the
~AGNETIC FIELD LINES
around the coill.
8

8 ()

V‘ﬂ




Let’s try another example.




We'll start with another coil.



The coil is attached to a potential
source but the polarity is unknown.



We do know that

NORTH

IS on the bottom
of the coll



Using the

N0 eft Hand Rule

determine which is the negative
terminal.

NORTH




Grab the coil with your

Left Hand

SO0 you thumb points



Your fingers now curl in the
direction of

Electron flow




Your fingers now curl in the
direction of

Electron flow



me Electrons

must come from



me Electrons

must come from



Therefore ‘is the
NEGATIVE TERMINAL



Activity

Textbook:
638-639--do #2 b, e, #3, #4.
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Electric Motor

Electric Motor, is a machine which converts electrical energy
Into mechanical (rotational or kinetic) energy.

* many devices depend on the electric
motor including:

* fans

* computers

» elevators

o car windows

* amusement park
rides




Electric motors may look complicated when you look at them,
but the underlying principle is as simple as this: if two magnetic
fields are in the same vicinity, they will act on each other.

This iIs the basic operation of a motor:
two magnetic fields make the inside part of the motor move.

St. Louis Motor

Only two magnetic fields are needed to make a motor. The are two
options:

« 1. the permanent field around a permanent magnet

« 2. the field that we can start up and shut off around a conductor.



The Motor Principle

a current-carrying conductor that cuts across external
magnetic field lines experiences a force perpendicular
to both the magnetic field and the direction of the
electric current

wire moves upwards

+

to a high cumrent
power supply
or battery




How Does The Motor Principle Work?

In the picture you can see
only one magnetic field.

There is no sign of a circular
field yet. This is because the -
switch is opened, there is no
current flowing, and no circular
magnetic field around the
straight conductor.

SALIrCE




conductar
willl e

SOUNCE

"Kicked"
to the right

(see Dlow-up
balow)

When the switch is closed, the current flows and a circular pink
magnetic field is created around the conductor according to
left- hand rule #1.



Look at the black field and the pink
field to the left of the conductor.
The black arrows and the pink

arrows are in the same direction. |~
This means the two fields are

repelling each other to the left of

the conductor. I

Look at the black field and pink field
to the right of the conductor. The
black arrows and the pink arrows
are in opposite directions. 3

Therefore in this region the fields

SOouUrce

are attracting each other.

The end result is that the conductor is
kicked to the right. We have made
motion out of electricity and
magnetism. We have created a
motor!!

conductar
will be
"Wicked"

to the right
{zee blow-up
below)



Study the picture until you can see the fields in the same
direction to the left of the conductor (repelling); and the fields
In opposite directions to the right of the conductor (attraction).
The conductor will be forced to the right.

concuctar

5 will be
- "eicked"

to the right

flelds repel each
other In this
reglon

L attract
egch|other in
e i o




My looking at the interaction of the permanent magnetic
field and the induced magnetic field of the straight carrying
wire, one can determine which way the wire will be pushed.

Force
Current Carrying
t Conductor




A more complex Motor

if you have ever taken a motor apart, you know that the inside piece that
rotates consists of many, many turns of wire. This is too complicated to
draw here, but we can show why the "rotor" rotates by looking at just one
of the turns of wire.

"g" and "h" are brushes. "e" and "f' make up a split-ring commutator with a
half-ring attached to each end of the loop. The brushes allow the current to
pass into and out of the loop via the split rings.



In the picture the loop is more or less
horizontal and a current is flowing
through the loop. We have seen
that the loop will rotate because of
the interaction of the permanent
field and the induced circular field.

guestion

What can you say about the current in the loop when the loop has
rotated ¥4 of a complete rotation from its present position? (Look at the
picture carefully).

answer

When the loop rotates 900 from its present position, the gaps between
the rings will be touching the brushes. No current will flow for that split,

split, split second.



guestion
Will the loop stop after making ¥ turn?

\

answer No!! Inertia will keep it moving.

guestion Is the inertia required to make the loop rotate very far?
answer Hardly anywhere.

guestion How come?

Answer Because almost immediately split ring "e" comes in contact brush
"h", and split ring "f' comes in contact with brush "g". When that happens,
the current flows in the loop once more.



Below shows the "end-on" view of the same loop. You are looking directly
Into the screen.

The picture shows a loop of current-carrying wire inside a the field of a permanent
magnet.

For convenience only part of the loop is shown. The circle with the x denotes the part
of the loop in which the current direction is into the page. The circle with the dot
denotes the part of the loop in which the current direction is out of the page.



The Galvanometer--an Application of the Motor Principle

A galvanometer is an instrument used to measure very tiny currents. It
consists of a small coil of wire that can rotate in the magnetic field of a

permanent magnet.

. . PN OME T
In the picture. Use left-hand rule #2 to confirm
that for the given current, the N and S poles of @—
6!

the coil are shown properly. The poles of the coil
are attracted to the poles of the permanent
magnet and the coil turns so that the pointer
moves to the right of the zero reading. When the
current is turned off, a restoring spring (not
shown) pulls the pointer back to zero. If the
current source is reconnected in reverse, then o L o
the N and S poles of the coil switch ends, and

the pointer swings to the left of the zero position —— ‘

tiny current




connection terminal

springs
looped conductor
external magnets
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Unit 3: Section 3 Electromagnetism

Topic 10 : Motor Principle
and Left Hand Rule #3
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9'q oft Hand Rule




99 oft Hand Rule




There are 3 parts

9'q oft Hand Rule




one
An external magnetic field.

rd
3 Left Hand Rule



Remember that the magnetic field
goes from

NORTH - SOUTH

- N\

rd
3 Left Hand Rule




two

Either a charge moving
across
the magnetic field.

S

rd
3 Left Hand Rule



two

Or current flow through a
tis in the
netic fie

3
&2
o

3 Left Hand Rule



three\

A force acting on the moving charge or curren
bearing wire.

3 Left Hand Rule



| will now show you how
to apply the

3 dLeft Hand Rule










Your thumb points in the direction of

CURRENT FLOW




And th

FORCE

acting on the current bearing wire or moving
negative charge is
out of the palm.




N

Let's try it with our example

Left Hand Rule



3 Left Hand Rule



I\Toﬁ“ce that your fingers
point in the same direction
as the magnetic field
shown by the symbol

3 Left Hand Rule



N

Your thumb points in the direction
of negative current flow

Left Hand Rule



N

And the force acting on the
moving charge or current bearing wire is out o
the palm.

y

Left Hand Rule



Left Hand Rule



rd
3 Left Hand Rule




own here is a current bearing wire
placed between the north and south
poles of a horseshoe magnet.

Left Hand Rule



e electron flow in the enlarged sectio
of wire is back into the page as shown
by the arrows.

>

Left Hand Rule




We can find the dir t of the fo

using the

3 Eeft Hand Rule

Left Hand Rule



U gy r left ha d
int your finger

SOUTH

rd
3 Left Hand Rule



Now, keeping your fingers pointed south,
rotate your hand
S0 you thumb points in the
same direction as the
current flow.

Left Hand Rule



Now, keeping your fingers pointed south,
rotate your hand so you thumb points in the
same direction as the
current flow.

Left Hand Rule



The force on this section of wire is out of
your palm or

3 Left Hand Rule



Magnetic Field Current Flow

Negative electron flow

Points at south

Out of palm



A current bearing wire is place between
two bar magnets.

What is the direction of the force on the
wire?




We know that the magnetic field between
the bar magnets is from the north pole to
the south pole?




We also know that the current (electron
flow) is out of the negative terminal,
through the circuit and back to the

positive terminal.




Therefore the current flow in the
section of wire between the bar
magnets is toward the

top of the page.




We can now use the

2fd | eft Hand Rule

to find the direction of the force
on the wire.




Point the fingers of your

Left Hand

in the direction of the magnetic
field, south.




Your thumb points in direction if
the negative current flow.

current tlow




The force on the wire is shown
by a vector coming out of your
palm.

current tlow




The force on the wire is shown
by a vector coming out of your
palm.




The force on the wire is shown
by a vector coming out of your
palm.




The picture below shows the action of a straight current-carrying
conductor placed between the North and South poles of two bar
magnets. Using left- hand rule #3 you may predict the direction of
the force on the wire when (i) the current goes into the screen, (ii)
the current comes out of the screen




SUMMARY OF LEFT HAND RULE #3

When a straight conductor is in a magnetic field and is carrying a current, it
will experience a force. You can find the direction of that force like this:
point the fingers of your left hand in the direction of the external
(permanent) field. Point your thumb in the direction of the current. Then
your palm points in the direction of the force on the conductor.

permanant
fiz2ld direction
L ]

i

farce on
conduckor

e
Left-hand rule #3
{The motor prindple)



~ ' (T ™ |

v

1St
| eft Hand Rule

N0 oft Hand Rule

I
el Pev q,

= gL LEFT HAND RULE Kt
=

3rd|_eft Hand Rule
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The Motor Principle

Determining the size of the force on the straight
conductor

How may we increase the size of the (green) force
on the straight conductor? That is, how can we

make our motor more powerful? ¥ F
—
conductor

Can you guess the FOUR ways ... ”L’!LEZd

to the right



1. We can increase the size of the permanent magnets,
which will in turn increase the strength of the permanent
magnetic field (the vertical black lines). The symbol for

magnetic field strength is B. L F

The larger B is, the larger the force on the conductor will C d—*

be, or FaB. o hacter
"kicked"
to the right

2. We can increase the size of the circular field that is
Induced by the current in the conductor. This may be done
by increasing the current (I) in the conductor. The larger |
IS, the larger the force on the conductor will be, or Fal.

3. If the length (L) of the conductor is increased, the fields
that interact are also effectively increased. The longer the
conductor, the more circular field there will be to interact
with the permanent field, therefore F a L.



4. The force F is directly proportional to the sine of the angle that the
conductor makes with the permanent field: F a sinG .

=
o>

S0
REREEINE i

Conductor is Conductor makes an
perpendicular to angle < 90 with &. The
field &. The farce component of & that
experienced by 1= perpendicular to
the conductor is the conductor is
I A IMUIM, E sinf . The force
experienced by the
conductor is less than force

MA=IMUM, but more
than ZERD.



Calculating Magnetic Force on a Straiaht Current
Carrying Wire %
—

%

[ =BILsind anndl

Force (F) exerted on a straight current-carrying conductor.
Measured in Newtons (N)

Magnetic Field of Strength (B) that the wire is placed in. Measured
In Tesla (T)

Current (1) passing through the conductor. Measured in Amperes
(A)
Length of Conductor. Measure in meters (m).

Theta (6) the angle between the conductor and the Magnetic
Field



Practice exercise 1

Calculate the magnitude of the force on a 2.1 m wire that is
carrying a current of 5.0 A perpendicular to a magnetic field of
strength 1.4 x 104 T.

Solution

L=2.1m | =5.0 A
B=14x10*T 6= 90°
F=7



Practice exercise 2

The wire (and current) in practice exercise 1 is running from
east to west. The magnetic field direction is from north to
south. In which direction will the force be exerted on the

conductor ?

Solution (method 1)

Left-hand rule #1 is used to draw the circular field around the conductor. The
permanent (black) field and the pink circular field are in the same direction
above the conductor, but in opposite directions below the conductor.
Therefore, above the conductor the fields repel each other, and below the
conductor the fields attract each other. The net force on the conductor is

therefore downward!

S
Method 2 W
Simply use The LHR #3 //%”’
N
W
L=



Practice exercise 3
Determine by what factor the force diminishes if a conductor
changes its orientation from being perpendicular to the

magnetic field to a new position that makes an angle of 45° with
the field.

Solution

Since the only thing that changed is the angle, we write
L, =L, L, =1,

0, = 90° 0, = 45°

B, = B,

Determine F,/F, :



Practice exercise 4

A 0.025 m long wire segment, XY, is positioned
perpendicular to a 0.750 T magnetic field as shown. When a
current is passed through this wire segment, it experiences
a 0.20 N force upwards. Calculate the magnitude and give
the direction of the current through the wire. JUNE 2009

i
-l". =
e
:"'__.'-'"
-




Practice exercise 5

A 0.16 kg metal rod is placed in a horizontal magnetic field of
0.75 T and maintains contact with two vertical metal rails that
are separated by a distance of 0.080 m. Calculate the current
that must flow through the rod in order for it to remain at rest.
JUNE 2008
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Topic 11 : Magnetic Force on a Moving Charge
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The force on a current-carrying conductor as it sits an external
magnetic field is F = BIL sin@. The key is current-carrying. If
there were no current, there would be no force on the conductor.

The conductor just provides a path for the current. If a stream of
electrons were shot through a magnetic field the force on the
stream would still be F = BIL sinB, where, in this case, L would
be the length of the stream that falls within the magnetic field.

Next we are going to determine the force on a single charged
particle. Instead of a current of electrons passing through a
magnetic field, imagine a single electron (charge q) being fired
into the field. In fact the single charge could be a proton, neutron
or ion.

Continue Next slide...



Think: The charge q is traveling at a speed v and takes a time of t to travel a
distance L. Since distance = speed x time, we can write L = vt.

If there is a stream of electrons, and there are n charges of size ¢ in the
stream,the total charge will be Q = ng.

charge
time

I =

Remembef
So now

‘ng current is the rate of flow of charge. That s
¢

F = Bl sing

_ g -
Use L = vt and | = ng/t to re-write F = BIL sin 6. =By sing

F o= 8ngy sing,

For the force on a single charge, that is, n=1. the expression becomes
F=Bqvsin®



Calculating Magnetic Force on a Moving Charge

[- =Bevsind

Force (F) exerted on the moving charge. Measured in

Newtons (N)

Magnetic Field Strength (B) that the charge is placed in . Measured
In tesla (T),

Amount of charge (e) is the magnitude of the charge.

Measured in coulombs (C)

Velocity (v) is the velocity of the charged particle. Measured In
meters/second (m/s)

Theta (0) the angle between the charged particle and the

Magnetic Field. Measured in degrees



Direction of Magnetic Force on
A Moving Charge

To determine the direction of the force apply left-hand rule
#3 . point your fingers in the direction of the magnetic field,
your thumb in the direction that the charge is moving, then
the palm of your hand points in the direction of the force on
the charge.

Doy
: %,,g”wy £




Practice exercise 2

A magnetic field of 44.0 T is directed into the screen. A particle with a negative
charge of 2.0 x 10-18 C is shot into the field from the right, making an angle of 90°
with the field lines. If the particle is moving at 5.4 x 107 m/s, what magnetic force
doe it experience?

E "lme -‘-‘--\"x__
i nﬂ.-"a:,-]fmﬂ"y -

Solution

B =440T g =2.0x10C deflection
v =54 x10"m/s B = 90°

F =72

F= Bqvsin©

= 440T x 20x10¥C x 5.4 x 10" m/s Sin 90°

= 48x10°N

The magnitude of the force is 4.8 x 10-9 N. Use left hand rule #3 to determine the
direction in which the particle is deflected. This means the patrticle is deflected
towards the top of the screen.



Moving Charges Circular motion

A particle moving at constant speed in a uniform magneticfield
where the field is perpendicular to the particles velocity will
tracea circular path. This means that the magnetic force will

provide a centripetal force to keep the particle in circular
m Otl O n . Hagnetic field inte the page

+++++++

F t1et = F tacnetic

+++++++

Butfor UCM

F wee=¥e L
Where:
Therefore: r: radius of curvature of particle, meters
qvB :1"—‘2 (m)  v: velocity of particle (m/s)
! B: Magnetic Field Strength Tesla (T)

Which simplifies to: q: Charge on the particle (C

= my
Bq



Practice Exercise 1

An electron travelling at 7.7 x 10 m/s enters into a uniform magnetic field
at a right angle. It is deflected in a circular path with a radius of 3.5 x 102

m. What is the magnitude of the magnetic field it experiences? (PUBLIC
EXAM, JUNE 2005)

4
N 7/
N K
\‘_'/
o - ah WO THETR



Activity

Worksheet: Magnetic Force on Moving Charges




Unit 3: Section 3 Electromagnetism
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Oersted's principle: when a current passes through a straight
conductor there will be a circular magnetic field around the
conductor.

Hans Christian Orsted

Micheal Faraday: discover the opposite of Oersted. It
discovered that changing a magnetic field moves near a
conductor it makes any free charge in the conductor
move. --that is, a changing magnetic field creates a
current.

Electromagnetic Induction is the process of
using magnetic fields to produce voltage, and
In a complete circuit, a current.



http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&docid=Ttx7C3BBMlF2xM&tbnid=mls0EthoIspV6M:&ved=0CAgQjRwwAA&url=http%3A%2F%2Fwww.magnet.fsu.edu%2Feducation%2Ftutorials%2Fpioneers%2Foersted.html&ei=DMOoUYOaGeTAigK8rYGoDQ&psig=AFQjCNERhg2S_3fmlWOi5zb55Y0RmP2LIg&ust=1370100876505271

Faraday’s Law

Current is induced (created) in a wire
(usually looped into coils) whenever the
wire senses a changing (increasing and

decreasing in strength) magnetic field
near it

WE DUG UP THE FOUNDER WITH ANY LUCK, OUR

OF OUR COMPANY AND T ABETONE LA 12 BUSINESS PRACTICES

WRAPPED HIM IN OOE MAGNET WILL MAKE HIM SPIN
COPPER WIRE. -

IN HIS GRAVE AND
GENERATE ELECTRICITY.




Inducing a current

Motion is needed OFF

\ \ |\

N ||\

!

When a magnet is moved into coll B, a current briefly appears

Currentis only present when the magnet is moving
As the magnet is removed from the coil, a current again briefly appears

That's why we say:
A changing magnetic field induces a current in the wire



Induced

1. Strength of magnetic field
(use stronger magnet)

2. Speed of magnetic field past
wire (or wire past
magnetic field) (move
faster)

3. Areaof loop
(use larger loops)

4. Number of loops
(use more loops)



Useful Applications

AC Generators use Faraday’s
law to produce rotation and
thus convert electrical and
magnetic energy into
rotational kinetic energy.
This idea can be used to
run all kinds of motors.
Since the current in the coll
IS AC, it is turning on and
off thus creating a
CHANGING magnetic field
of its own. Its own
magnetic field interferes
with the shown magnetic
field to produce rotation.




Transformers

Probably one of the greatest inventions of all time is the
transformer. AC Current from the primary coil moves quickly
BACK and FORTH (thus the idea of changing!) across the
secondary coil. The moving magnetic field caused by the
changing field (flux) induces a current in the secondary coill.

iron
core

secondary

primary
coil

coil

>
110/120

volts
primary
coil
=

volts

secondary
coil

220/240 F .j_'_ 110/120

volts volts

o
220/240

If the secondary coil has MORE turns
than the primary you can step up the
voltage and runs devices that would
normally need MORE voltage than
what you have coming in. We call this
a STEP UP transformer.

We can use this idea in reverse as well
to create a STEP DOWN transformer.



Microphones

A microphone works when sound
waves enter the filter of a

\ microphone. Inside the filter, a
diaphragm is vibrated by the
sound waves which in turn moves
a coil of wire wrapped around a
magnet. The movement of the wire
In the magnetic field induces a
) current in the wire. Thus sound
waves can be turned into
) electronic signals and then
ﬂ“Lf.-" 1 amplified through a speaker.




How Current Is Induced In The Straight Conductor

The relative motion of the conductor and the external
magnetic field has induced a current in the conductor--
Faraday's Law.

=

Each maving electran

The elactron 15 ona of nduces a circular magnetic
zllions being pulled in field abaut its path as

the diraction af the described by Oersted's

red armw, Principle. {Uze laft-hand

rule #1),



=

/_v- — / !

= e
on the LHS of the  dan the RHS of the This interaction of the black
red path the black  red path the black and blue fields means that
and blue figlds and blue fizlds the free electrons are forced
repel aach othar attract each other to the night. That is, a currant

fpink armw) has been induced
by tha motion

Important: either the conductor must move, or the magnetic
fleld must move, or the magnetic field must change in intensity
In order that for the current to be induced.



Here the path of the representative electron (the red
arrow) is now such that the blue circular magnetic
field is perpendicular to the black permanent field.
Because the fields are perpendicular, they cannot
Interact. Therefore, the electron feels no force
due to the external field, and there will be no
induced current.

If the conductor is pulled through at some angle,
then there will be an induced current greater than
zero but less than than the maximum that results
when the conductor cuts the field lines at 90°

L

Conductor is moving parallel
o the lines of force. No
current Is Induced.
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Using Faraday's Discovery to produce Alternating Current (AC)

A dry cell or battery is a source of electric current that travels only in one
direction. Itis called direct current ( DC)

Alternating current does not travel in the same direction all the time. Neither
does the current have a constant magnitude.

MNote the reading on the galvanometer

A simple way to produce AC , can for each scenario
be seen in Fig 16.2 on p. 670. l ( i
(

Also shown right.

As the magnet is pushed in and
pulled from the coil, the
galvanometer needle will show that
the current reaches a maximum in
one direction, then goes to zero
and reaches a maximum in the
other direction. This illustrates that
there is an alternating current in magnetplungsd magnet etationary  Magnet pullad out
the coil circuit. into coil of coil

.
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Pos. 1--the magnet is picking up =peed;
the needle starts to mave to the
eft {wa will =ay the induced cunent
is mowving to the left-—in the next
[essan yau will learn wh it is to
tha laft),

Pas. 2--tha magnet is rmowving at
maximum speed; the cument

ic magirmurmn,

Pos. 2--the magnet bagins to slow down;
the current decreases.

Pas, 4--the magnet stops; there is no
induced current

MOV GO TS THE TOP OF THE PICTURE
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T the coil; there is no induced
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Pos. 5--the magnet i picking up
speed a3 it comes out; the needle
s1arts to mowve to tha Aght {wa
RN ;A will say the induced current is
moving ta the right--in the next
lEssan you will l[2arn why,

Fos. a--the magnet is mowing at
mazirnum speed: the current
IS rrakimm,

Paos. ?--the magnst bagins to slow down;
. ; the curent decreases.




Faraday's Iron Ring Apparatus

Switch

Battery Iron Ring Gal t
S+— sdlvVanomeicr

The operation of the iron ring is just an extension of the picture before where
the magnet is moving in and out of the coil.

The primary coll has a current (of if you like, voltage) source, and the
secondary coil does not. When the switch is closed a current begins to
flow and in a split second reaches a certain maximum amount. In the
short time that the current is "growing", a magnetic field will "bloom" or
expand around the primary coil. The primary coil becomes, an
electromagnet. As the primary field expands, its lines of force will cut
through the turns of the secondary coil. According to Faraday's discovery,
as the magnetic field cuts through the secondary coil, a current will be
Induced in the secondary coil and the galvanometer needle will move.



Remember a current is induced only as long as the magnetic field is
changing, that takes only a split, split, split second for the current in the
primary coil to reach some maximum reading. So, after the split second,
the galvanometer drops back to zero.

Now when when the switch in the primary coil is opened, the current dies
away and therefore the magnetic field collapses. The force lines are once
again moving through the secondary coil, but in the opposite direction. A
current will be induced again, but this time in the opposite direction. The
galvanometer needle move opposite to the original deflection when the
switch was closed. This deflection again lasts for the split second that it
takes the current to drop to zero. After that, there is no field around the
primary.

If the switch is repeatedly opened and closed, the galvanometer needle will
indicate an alternating current, first one way, and then the other.



Summary

Oersted's principle: when a current passes through a straight conductor

there will be a circular magnetic field around the conductor.

Michael Faraday discovered an exactly opposite phenomenon.

Faraday's Law: when a magnetic field moves near a conductor it makes any
free charge in the conductor move. --that is, a changing magnetic field
creates a current.

A magnetic field can change in two ways:

1. It can move physically. (i) if you move a bar magnet back and forth, then
its magnetic field also moves back and forth and (ii) the magnetic field can
remain stationary while the conductor itself is moved back and forth.

2. It can also change by having its intensity or strength increased or
decreased. (ie. By changing the current through the coil).



Activity

In your textbook:

p. 671--do #1-#3
p. 686--do #1--#3, #6, #9
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Lenz’'s Law

The direction of the induced current creates an
iInduced magnetic that opposes the motion of the
|ndUC|ng magnetlc f|e|d_ Pictura from Lesson 09 Picture o

In the Picture the induced -
current causes a circular

(green) magnetic field that - ! =1 0

interacts with the black / Bbt il / ==
permanent field. The side of i

the conductor away from you,

the circular field and the

perman_ent .Ifleld arein the This interaction af the black The inducad {pink ) currant now alsa
same direction (downward). and blua fialdls moans that Seberding to Dartad'e Prnnie, Can you
Therefore these fields repel to the right.  That iz, 3 cuntant o i e o ok et o
each other. by tha motion rﬁ‘s[;r;? Ed;r;?;.tm r[?dl:uwnward}ar‘nd therefore

Even as the hand tries to pull the conductor through the permanent magnetic field, the
induced magnetic field of the induced current is fighting the motion!
Heinrich Lenz put it this way:



Example 1

The north pole of a bar magnet is being pushed into a coil as shown. Show
the direction of the induced current in the coil.

. -
Solution 5
The induced current will cause a
magnetic NORTH pole at l
position A. We know because of
Lenz's Law. Now that we know M
the pole at end Ais a N pole, —
just use left hand rule #2. That 4

IS, hold the coil in your left hand
with your thumb pointing in the
direction of the N pole and your
fingers will curl in the direction of
the current.




Example 2

Using Lenz’'s law and left hand rule #2 for solenoids
(electromagnetic colils), predict the direction of the induced
current flow by adding arrows to your diagrams. Add an N or
S to represent the magnetic poles at each end of the caoill.

a) Fig.16.19 ¢) Fig.16.21
—t (N . W mp- | N .
b) Fig.16.20 d) Fig.16.22

. B T P Y . .. Y

e




Example 3

Sketch each of the following diagrams into your notebook. Using
Lenz’s law and left hand rule #2 for solenoids, predict the
polarity of the magnet that is being inserted or removed from the
coils, as shown.

a) Fig.16.23




Example 4

solenoids, predict the direction in which each magnet is being
moved to produce the indicated current flow.

a) Fig16.27
Which direction? -
Y ~ e
Which direction? .
— L
¢) Fig.16.29
e Fa Fa Fa Which direction?

o

J s
g | M --—




Practice exercise 2

The set-up in this exercise is similar to that of Faraday's iron ring (without the
ring.). Determine the current direction in the secondary coil at the instant
the the switch is closed in the primary coil.

e

N )?l'k

Fialds opposa each
other here



Applications of Magnetic Induction

« Magnetic Levitation (Maglev) Trains

* Induced surface (“eddy”) currents produce field in opposite
direction

- Repels magnet
- Levitates train

P77 > ‘~ % L%
rails » - Y S
; “eddy” currep ; S ' '
* Maglev trains today can travel . o CONER .
Twice the speed of Amtrak S fastest conventlonal traln'




Activity

Work Sheet: Lenz’ Law
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The AC Generator

Alternating Current Generators (AC): Electricity made by this
type of generator is called alternating current, because it
changes/alternates direction. AC generators produce an
electric current via the motion of coils in a magnetic field or by
rotating a magnet within a stationary coill

_. Field windings

79, b4 shaft

brushes




_ field windings

T3, 4 shatt

brushes W0 o
— (. ¥ g—— sliprings

Armature — a coil wound around a metal core and mounted
between the poles of an electromagnet.

Electromagnet consisting of an iron core surrounded by a set of col
called the field windings. A steady current flows through these coils
produce the required magnetic field.

Slip rings — each end of the armature colil is connected to a metal
ring. These rings are mounted on the armature shaft but are
iInsulated from it and from each other.

Graphite brushes — these connect the slip rings to an external
circuit and conduct the current induced in the armature coll to
the external circuit.



A very simple AC generator may be produced by passing a magnet in and
out of a coll..producing an induced current. A more productive generator
may be made by using rotary motion rather than back and forth motion
and moving coll of wire while the magnet remains at rest.

Position 1 While the loop is in the vertical position, ab and cd are not cutting
any of the magnetic field lines. The sides of the loop are just moving
parallel to the lines of force.

%

ﬁ
I 0

ny & A R——w rotations

N

(no current when the

C
= loop Is vertical)
LA T slip rings




Position 2  One-quarter turn: cutting the magnetic lines in a maximum way.
This makes the current maximum.

<5
i

4
v
1|

L]
L

Pa
/

1
/’; rotations

f a rotation
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Position 4 Three-quarters of a rotation.

<
E?&
.'. + o

___ ;’—.4; o |

S fé = ﬁ [ L Y ;é

Now the pattern is clear. Here is a summing up:
As the loop rotates, there is an increase in the
induced current from zero to the amount shown by
the second point on the graph at 1/4 rotation. Next,
as the loop approaches the second vertical position
(1/2 revolution), the current gradually diminishes once
again to zero.

Then the induced current increases once again to a
second maximum as the loop continues to rotate and
cut the magnetic lines more and more at the 3/4
rotation point. Now, however, the current is in the
opposite direction.

a
’?‘; rotations

k=1 complete cycle =

rotations




In North America, generators turn at a controlled speed. !
Alternating current changes 120 times per second ! On a
graph this current has a wave shape with 60 complete waves
per second (or 60 Hz)

+A - one wave cycle

- !

current ¢ | \‘\ | ]" | "‘\ | ) tme

Y

Flgure 4.37 Current from an AC generator constantly varies In
size and direction. Positive and negative values on the graph
represent the opposite directions of the current flow



The DC Generator

Direct Current (DC) Generators: current in only one direction. Made up of an armature
(rotating loop of wire) that is connected to a circuit via split-ring commutator
Generators that make direct current are often called dynamos. Device used on bike

wheels to produce electricity for lights

Armature

Split Rxng\/' / : |

Commutator r (S\\
£ \

< \[} |

[



In the DC generator, the split half rings turn with the coil.

The current is always going the same way in the external circuit. The needle
of the galvanometer fluctuates from O to the + end as the loop goes from
the vertical position to either one of the horizontal positions. The current
In the external circuit never reverses, even though it does reverse in the
generator loops.

the current graph for a DC generator

=1 complete cycle =

rotations




A real generator has many loops. Now look at a DC generator with two
loops--one perpendicular to the other. Each loop has its own set of split
rings. Notice just as the black loop loses contact with the brushes, the
brown loop takes over. A plot of the current from a two-loop DC generator
IS shown.

*
CLC Generator Ly

with 2 loops s resultant current from

g two loop DC generator

oo Hmo1 ko1l




Electric Generators

Direction of rotation
s

‘h..-~

s line
Brushes Slip rings

HANDOUT



Generators

See applets in Applets Physics Web folder
(click on index first)




Activity

Assigned activities:
Worksheet Generators

Review for test:
- Your class notes

In your textbook:

section 5.2 "The Force of Gravity" pp. 158-159

section 5.3 "Factors affecting the force of gravity on an object" pp. 160-162
section 13.5 "Fields and field-mapping point charges" pp. 546-551

section 13.6 "Field strength" pp. 552- 556

section 15.1 "Magnetic force--another force at a distance" pp. 628

section 15.2 "Magnetic character--domain theory" pp. 629-630

section 15.3 "Mapping magnetic fields" pp. 630-632

section 15.4 "Artificial magnetic fields--electromagnetism” pp. 633-636



