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MagnetismMagnetism



MagnetismMagnetism
What are magnets?What are magnets?gg

Magnets have two ends, where objects are most strongly Magnets have two ends, where objects are most strongly 
attracted attracted –– poles poles –– called north and south. called north and south. 

The pole that points to geographical north is the north pole andThe pole that points to geographical north is the north pole andThe pole that points to geographical north is the north pole and The pole that points to geographical north is the north pole and 
the other is the south pole the other is the south pole -- Principle of compassPrinciple of compass

These objects are called magnets due to the name of the These objects are called magnets due to the name of the 
region Magnesia where rocks that attract each otherregion Magnesia where rocks that attract each otherregion, Magnesia, where rocks that attract each other region, Magnesia, where rocks that attract each other 
were foundwere found

What happens when two magnets are brought to What happens when two magnets are brought to 
each other?each other?
– They exert force on each other
– What kind?What kind?
– Both repulsive and attractive forces 

depending on the configurations
Similar to electric charges like • Similar to electric charges like 
poles repel each other while the 
unlike poles attract



Magnets and Magnetic Fields
While electric charges (positive and negative) canWhile electric charges (positive and negative) can
be isolated magnetic poles cannot be isolated: if
you cut a magnet in half repeatedly, you don’t gety g p y, y g
a north pole and a south pole – you get smaller
magnets. This differs from electric charges.



More About MagnetismMore About Magnetism

An An unmagnetizedunmagnetized piece of iron can be piece of iron can be 
ti d b t ki it ithti d b t ki it ithmagnetized by stroking it with a magnetized by stroking it with a 

magnetmagnet
Somewhat like stroking an object to Somewhat like stroking an object to 
charge an objectcharge an objectg jg j

Magnetism can be inducedMagnetism can be induced
If a piece of iron for example isIf a piece of iron for example isIf a piece of iron, for example, is If a piece of iron, for example, is 
placed near a strong permanent placed near a strong permanent 
magnet it will become magnetizedmagnet it will become magnetizedmagnet, it will become magnetizedmagnet, it will become magnetized



Types of Magnetic MaterialsTypes of Magnetic MaterialsTypes of Magnetic MaterialsTypes of Magnetic Materials
Soft magnetic Soft magnetic materials, such as iron, materials, such as iron, 
are easily magnetizedare easily magnetized

They also tend to lose theirThey also tend to lose theirThey also tend to lose their They also tend to lose their 
magnetism easilymagnetism easily

H d tiH d ti t i l ht i l hHard magneticHard magnetic materials, such as materials, such as 
cobalt and nickel, are difficult to cobalt and nickel, are difficult to 
magnetizemagnetize

They tend to retain their magnetismThey tend to retain their magnetismThey tend to retain their magnetismThey tend to retain their magnetism



Magnetic FieldsMagnetic Fields
Just like the electric field that surrounds Just like the electric field that surrounds 
electric charge, a magnetic field surrounds a electric charge, a magnetic field surrounds a 
magnetmagnet
A vector quantityA vector quantityq yq y
Symbolized by Symbolized by BB
Direction is given by the direction aDirection is given by the direction a northnorthDirection is given by the direction a Direction is given by the direction a north north 
polepole of a compass needle points in that of a compass needle points in that 
locationlocationlocationlocation
Magnetic field linesMagnetic field lines can be used to show how can be used to show how 
th fi ld li t d t bth fi ld li t d t bthe field lines, as traced out by a compass, the field lines, as traced out by a compass, 
would lookwould look



Magnetic Field Lines, sketchMagnetic Field Lines, sketch

A compass can be used to show the direction of the A compass can be used to show the direction of the 
magnetic field lines (a)magnetic field lines (a)magnetic field lines (a)magnetic field lines (a)
A sketch of the magnetic field lines (b)A sketch of the magnetic field lines (b)



Magnetic Field Lines, Bar MagnetMagnetic Field Lines, Bar Magnet
Iron filings are used Iron filings are used 
to show the patternto show the patternto show the pattern to show the pattern 
of the magnetic field of the magnetic field 
lineslines
The direction of the The direction of the 
field is the direction field is the direction 
a north pole would a north pole would 
pointpoint



Magnetic Field Lines, Unlike PolesMagnetic Field Lines, Unlike Poles
Iron filings are used Iron filings are used 
to show the pattern to show the pattern pp
of the electric field of the electric field 
lineslines
The direction of the The direction of the 
field is the direction field is the direction 
a no th pole o lda no th pole o lda north pole would a north pole would 
pointpoint

Compare to the electricCompare to the electricCompare to the electric Compare to the electric 
field produced by an field produced by an 
electric dipoleelectric dipole



Electric Field Line PatternsElectric Field Line Patterns
An electric An electric dipoledipole
consists of two consists of two 
equal and opposite equal and opposite 
chargeschargesgg
The high density The high density 
of lines betweenof lines betweenof lines between of lines between 
the charges the charges 
indicates theindicates theindicates the indicates the 
strong electric field strong electric field 
in this regionin this regionin this regionin this region



Magnetic Field Lines, Like PolesMagnetic Field Lines, Like Poles
Iron filings are Iron filings are 
used to show the used to show the 

tt f thtt f thpattern of the pattern of the 
magnetic field magnetic field 
lineslineslineslines
The direction of The direction of 
the field is thethe field is thethe field is the the field is the 
direction a north direction a north 
pole would pointpole would pointpole would pointpole would point

Compare to the Compare to the 
electric field electric field 
produced by like produced by like 
chargescharges



Electric Field Line PatternsElectric Field Line Patterns
Two equal but likeTwo equal but likeTwo equal but like Two equal but like 
point charges point charges 
At a great distance At a great distance 
f th h thf th h thfrom the charges, the from the charges, the 
EE field would be field would be 
approximately that of approximately that of 

ff
pp ypp y

a single charge of 2qa single charge of 2q
The bulging out of the The bulging out of the 
field lines between thefield lines between thefield lines between the field lines between the 
charges indicates the charges indicates the 
repulsion between the repulsion between the 
chargeschargeschargescharges
The low field lines The low field lines 
between the charges between the charges 
i di t k fi ldi di t k fi ldindicates a weak field indicates a weak field 
in this regionin this region



A uniform magnetic field is constant in 
magnitude and directionmagnitude and direction.

The field between 
these two wide poles p
is nearly uniform.



Magnetic and Electric FieldsMagnetic and Electric Fields
An electric field surrounds any stationary electric An electric field surrounds any stationary electric 
chargecharge
A magnetic field surrounds any magnetic materialA magnetic field surrounds any magnetic material
The direction of the field is the direction the north The direction of the field is the direction the north 
pole of a compass would point topole of a compass would point to
The number of lines per unit area is proportional The number of lines per unit area is proportional 
to the strength of the magnetic fieldto the strength of the magnetic field
Magnetic field lines continue inside the magnetMagnetic field lines continue inside the magnet
Since magnets always have both the poles, Since magnets always have both the poles, 
magnetic field lines form closed loops unlike magnetic field lines form closed loops unlike 
l t i fi ld lil t i fi ld lielectric field lineselectric field lines



Earth’s Magnetic FieldEarth’s Magnetic Field
The Earth’sThe Earth’sThe Earth s The Earth s 
magnetic field magnetic field 
resembles that resembles that 
achieved by burying achieved by burying 
a huge bar magnet a huge bar magnet 
deep in the Earth’sdeep in the Earth’sdeep in the Earth’s deep in the Earth’s 
interiorinterior
Note that theNote that theNote that the Note that the 
Earth’s “North Pole” Earth’s “North Pole” 
is really a south is really a south 
magnetic pole, as magnetic pole, as 
the north ends of the north ends of 
magnets aremagnets aremagnets are magnets are 
attracted to it.attracted to it.



Earth’s Magnetic FieldEarth’s Magnetic Field

The Earth’s geographic north pole The Earth’s geographic north pole 
corresponds to a magnetic south polecorresponds to a magnetic south pole
The Earth’s geographic south poleThe Earth’s geographic south poleThe Earth s geographic south pole The Earth s geographic south pole 
corresponds to a magnetic north polecorresponds to a magnetic north pole

St i tl ki th lSt i tl ki th lStrictly speaking, a north pole Strictly speaking, a north pole 
should be a “northshould be a “north--seeking” pole seeking” pole 
and a south pole a “southand a south pole a “south--seeking” seeking” 
polepolepp



Source of the Earth’s Magnetic FieldSource of the Earth’s Magnetic Field
There cannot be large masses of There cannot be large masses of 
permanently magnetized materials sincepermanently magnetized materials sincepermanently magnetized materials since permanently magnetized materials since 
the high temperatures of the core the high temperatures of the core 
prevent materials from retaining prevent materials from retaining 
permanent magnetizationpermanent magnetizationp gp g

The most likely source of the Earth’s The most likely source of the Earth’s 
ti fi ld i b li d t b l t iti fi ld i b li d t b l t imagnetic field is believed to be electric magnetic field is believed to be electric 

currents in the liquid part of the corecurrents in the liquid part of the core



Dip Angle of Earth’s Magnetic FieldDip Angle of Earth’s Magnetic Field
If i f t t t ti ll llIf i f t t t ti ll llIf a compass is free to rotate vertically as well If a compass is free to rotate vertically as well 
as horizontally, it points to the earth’s surfaceas horizontally, it points to the earth’s surface
The angle between the horizontal and the The angle between the horizontal and the 
direction of the magnetic field is called the direction of the magnetic field is called the dip dip 
angleangle

The farther north the device is moved, the The farther north the device is moved, the 
farther from horizontal the compass needle farther from horizontal the compass needle 
would bewould be

The compass needle would be horizontal at the The compass needle would be horizontal at the 
equator and the dip angle would be 0equator and the dip angle would be 0°°
The compass needle would point straight down at theThe compass needle would point straight down at theThe compass needle would point straight down at the The compass needle would point straight down at the 
south magnetic pole and the dip angle would be 90south magnetic pole and the dip angle would be 90°°



More About the Earth’s Magnetic More About the Earth’s Magnetic 
PolesPolesPolesPoles

The dip angle of 90The dip angle of 90°° is found at a point just is found at a point just 
north of Hudson Bay in Canadanorth of Hudson Bay in Canada

This is considered to be the location of the south This is considered to be the location of the south 
magnetic polemagnetic pole

The magnetic and geographic poles are not in The magnetic and geographic poles are not in g g gg g g
the same exact locationthe same exact location

The difference between true north, at the The difference between true north, at the ,,
geographic north pole, and magnetic north is called geographic north pole, and magnetic north is called 
the the magnetic declinationmagnetic declination

The amount of declination varies by location on the The amount of declination varies by location on the 
earth’s surfaceearth’s surface



Earth’s Magnetic DeclinationEarth’s Magnetic Declination



Reversals of the Earth’s Magnetic Reversals of the Earth’s Magnetic 
FieldField

Th di ti f th E th’ tiTh di ti f th E th’ tiThe direction of the Earth’s magnetic The direction of the Earth’s magnetic 
field reverses every few million yearsfield reverses every few million years

Evidence of these reversals are Evidence of these reversals are 
found in basalts resulting fromfound in basalts resulting fromfound in basalts resulting from found in basalts resulting from 
volcanic activityvolcanic activity
Th i i f th l i tTh i i f th l i tThe origin of the reversals is not The origin of the reversals is not 
understoodunderstood



Magnetic FieldsMagnetic Fields

When moving through a magnetic field, a When moving through a magnetic field, a 
charged particle experiences a magnetic charged particle experiences a magnetic 
forceforce

This force has a maximum value when the This force has a maximum value when the 
charge moves perpendicularly to thecharge moves perpendicularly to thecharge moves perpendicularly to the charge moves perpendicularly to the 
magnetic field linesmagnetic field lines
This force is zero when the charge movesThis force is zero when the charge movesThis force is zero when the charge moves This force is zero when the charge moves 
along the field linesalong the field lines



Magnetic FieldMagnetic Field

One can define a magnetic field in terms of One can define a magnetic field in terms of 
th ti f t d t tth ti f t d t tthe magnetic force exerted on a test the magnetic force exerted on a test 
chargecharge

Similar to the way electric fields are definedSimilar to the way electric fields are defined

≡
FB

θ
≡

sinqv
B



Units of Magnetic FieldUnits of Magnetic FieldUnits of Magnetic FieldUnits of Magnetic Field
The SI unit of magnetic field is the The SI unit of magnetic field is the 
TeslaTesla (T)(T)

Wb N N
2 ( / )

Wb N NT
m C m s A m

= = =

WbWb is a Weberis a Weber

( / )m C m s A m⋅ ⋅
WbWb is a Weberis a Weber

The The cgscgs unit is a unit is a GaussGauss (G)(G)
1 T 101 T 1044 GG1 T = 101 T = 1044 GG



A Few Typical B ValuesA Few Typical B ValuesA Few Typical B ValuesA Few Typical B Values

Conventional laboratory magnetsConventional laboratory magnetsConventional laboratory magnetsConventional laboratory magnets
25000 G or 2.5 T25000 G or 2.5 T25000 G or 2.5 T25000 G or 2.5 T

Superconducting magnetsSuperconducting magnets
300000 G or 30 T300000 G or 30 T

Earth’s magnetic fieldEarth’s magnetic fieldEarth’s magnetic fieldEarth’s magnetic field
0.5 G or 5 x 100.5 G or 5 x 10--55 TT0.5 G or 5 x 100.5 G or 5 x 10 TT



Finding the Direction of Magnetic Finding the Direction of Magnetic 
ForceForceForceForce

Experiments show Experiments show 
th t th di tith t th di tithat the direction that the direction 
of the magnetic of the magnetic 
force is alwaysforce is alwaysforce is always force is always 
perpendicular to perpendicular to 
bothboth vv andand BBboth both vv and and BB
FFmaxmax occurs when occurs when 
vv is perpendicularis perpendicularvv is perpendicular is perpendicular 
to to BB
FF = 0 when= 0 when vv isisFF  0 when  0 when vv is is 
parallel to parallel to BB



Right Hand Rule #1Right Hand Rule #1
H ld i ht h dH ld i ht h dHold your right hand Hold your right hand 
openopen

Place your fingers in thePlace your fingers in thePlace your fingers in the Place your fingers in the 
direction of direction of BB
Place your thumb in thePlace your thumb in thePlace your thumb in the Place your thumb in the 
direction of direction of vv
The direction of theThe direction of theThe direction of the The direction of the 
force on a positive force on a positive 
charge is directed out of charge is directed out of 

llyour palmyour palm
If the charge is negative, If the charge is negative, 
the force is opposite thatthe force is opposite thatthe force is opposite that the force is opposite that 
determined by the right determined by the right 
hand rulehand rule



The force on a moving charge is related 
to the force on a current:to the force on a current:

Once again, the g ,
direction is 
given by agiven by a 
right-hand rule.



Bending an Electron Beam in an Bending an Electron Beam in an 
External Magnetic FieldExternal Magnetic Field



Force on a Charged Particle in a Force on a Charged Particle in a 
Magnetic FieldMagnetic FieldMagnetic FieldMagnetic Field

Consider a particle moving Consider a particle moving 
i t l tii t l tiin an external magnetic in an external magnetic 
field so that its velocity is field so that its velocity is 
perpendicular to the fieldperpendicular to the fieldp pp p

The force is always The force is always 
directed toward the center directed toward the center 
of the circular pathof the circular path

The magnetic force The magnetic force 
t i t lt i t lcauses a centripetal causes a centripetal 

acceleration, changing the acceleration, changing the 
direction of the velocity of direction of the velocity of yy
the particlethe particle



Force on a Charged ParticleForce on a Charged Particle
Equating the magnetic and centripetal Equating the magnetic and centripetal 
forces:forces: 2forces:forces: 2mvF qvB

r
= =

Solving for r:Solving for r:

r
mvrSolving for r:Solving for r: r
qB

=

r is proportional to the momentum of r is proportional to the momentum of 
the particle and inverselythe particle and inverselythe particle and inversely the particle and inversely 
proportional to the magnetic fieldproportional to the magnetic field



Particle Moving in an External Particle Moving in an External 
Magnetic FieldMagnetic FieldMagnetic FieldMagnetic Field

If the particle’sIf the particle’sIf the particle s If the particle s 
velocity is velocity is notnot
perpendicular toperpendicular toperpendicular to perpendicular to 
the field, the path the field, the path 
followed by thefollowed by thefollowed by the followed by the 
particle is a spiralparticle is a spiral

Th i l th iTh i l th iThe spiral path is The spiral path is 
called a called a helixhelix



QUICK QUIZ 1QUICK QUIZ 1

The north-pole end of a bar magnetThe north pole end of a bar magnet 
is held near a stationary positively 
charged piece of plasticcharged piece of plastic. 
Is the plastic (a) attracted, (b) p ( ) ( )
repelled, or (c) unaffected by the 
magnet?magnet?



QUICK QUIZ 1 ANSWERQUICK QUIZ 1 ANSWER

(c). The magnetic force exerted by 
a magnetic field on a charge isa magnetic field on a charge is 
proportional to the charge’s velocity 
relative to the field. If the charge is 
stationary, as in this situation, therestationary, as in this situation, there 
is no magnetic force.


