
Magnets are cool

Magnetic field lines

Current induces magnetic field

Electric charge placed in the 
  magnetic field experience force



The ancient Greeks, originally those near the city of Magnesia, and also the 
early Chinese knew about strange and rare stones (possibly chunks of iron 
ore struck by lightning) with the power to attract iron. A steel needle 
stroked with such a "lodestone" became "magnetic" as well, and around 
1000 the Chinese found that such a needle, when freely suspended, 
pointed north-south  - compass. 

The magnetic compass soon spread to Europe. Columbus used it when he 
crossed the Atlantic ocean, noting not only that the needle deviated 
slightly from exact north (as indicated by the stars) but also that the 
deviation changed during the voyage. Around 1600 William Gilbert, 

http://www-spof.gsfc.nasa.gov/Education/Imagnet.html

physician to Queen Elizabeth I of England, proposed 
an explanation: the Earth itself was a giant magnet, 
with its magnetic poles some distance away from its 
geographic ones (i.e. near the points defining the axis 
around which the Earth turns). 

http://www-spof.gsfc.nasa.gov/Education/Imagnet.html


Magnets are Cool!

■ North Pole and South Pole
■ Unlikes poles attract
■ Likes poles repel
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Contrary to the electric dipole, which we can pull apart and isolate + and 
– charge, we can NEVER pull apart magnetic dipole. When we cut magnet 
in two we end up with two smaller dipoles. If we keep on cutting, more 
magnets will be produced, EACH with north and south pole.

Let’s Break A Magnet!
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never been detected.
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∙ Become rich and famous: 
∙ Discover or create one! 



No Magnetic Charges – ONLY electric 
“spin” of electrons – electron’s magnetic moment
Intrinsic property of electron

 there are two ingredients that produce magnetism:

1. Electrons themselves are tiny magnets.  For a bulk object to be a magnet, 
    a bunch of the electrons have to point their spins in the same direction.

The answer is that there is an additional cost that comes when the electrons 
align their spins.  Specifically, electrons that align their spins are forced into 
states with higher kinetic energy.
And they are not happy with that!!!!!

The term 'spin,‘ comes from idea that electrons
are solid 'objects' that can 'rotate’ 
No, no they are not, and they cant, but the name stayed. 

Electrons behave like a tiny bar magnets. Therefore electron is deflected by magnetic fields.
In a beam of electrons there is a high likelihood for either spin due to the large number of 
electrons, so run through a magnetic field, a beam of electrons splits into two beams.  

2. Electrons like to point their spins in the same direction, because this guarantees that they will never
    run into each other, and this saves them a lot of  electric repulsion energy

If electrons universally save on their repulsive energy by aligning their spins, 
then why doesn’t everything become a magnet?

https://gravityandlevity.wordpress.com/2015/04/19/where-does-magnetism-come-from/


 

The direction of the magnetic field at any location is the direction in which 
the north pole of the compass needle points at that location.

▪ A magnetic field is said to exist at a point if a compass needle 
   placed there experiences a force. It is measured in Tesla (T)

N
S

Don’t freak out:We see that the north 
geographical pole (determined 
by stars) is actually a south 
magnetic pole!

Earth's magnetic field has flipped many 
times over the last billion years. 

▪ We call the lines along which the magnets align  themselves  
   the magnetic field lines.

▪ The  strength of the B-field is proportional
   to the density  of the field lines.
▪ At either pole of the earth  
   the B-field is thus the greatest.



Magnetic vs. electric field lines

– Arrows give direction  

– Density gives strength

– Bar magnet field lines look like el. dipole lines

Magnetic field lines don’t start or stop.
There are no magnetic charges (monopoles)



Which diagram shows the correct 
field lines of a bar magnet?

(1)      (2)      (3)

Field lines do 
NOT stop 
abruptly

Field lines are 
continuous

Sketching and interpreting magnetic field patterns
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View from head of a vector

View from tail of a vector

Sketching conventions for drawing direction of 3-D vector. 

How do you draw a vector that is 
directed toward you or away from you

INTO Page
away from you

OUT of Page
toward you



.

Force on a charge moving in a B-field 
Lorentz force (Hendrick Antoon Lorentz, 
Dutch physicist of the late 19th and early 20th century 

▪ Moving charge produces a magnetic field. LATER

▪ Moving charge placed in an external magnetic field will feel 
  a magnetic force. NOW.

Force F felt by a charge q traveling at velocity v through a B-field 
of strength B is given by 

  Force on q due to 
presence of B



.

The direction of the magnetic force is given by the 
Right-Hand Rule One – RHR 1 

► Point fingers towards B

► Point thumb in direction of 
moving charge (current)

► Palm is the direction of the force.

●  For negative charge force is 
    in the opposite direction

 



What  is current?
Moving electric charges

▪ We already know the effect of a                               
magnetic field on a moving charge.

▪ It stands to reason that a wire carrying a 
current in a magnetic field will also feel a force, 
because current is moving charge.

Force on a current-carrying conductor in a B-field 

Knowing the RHR for a charge is all   
you need to determine the direction                                   
of the force in the wire. 

▪ A wire with no current feels no                                 
magnetic force

▪ But a wire with a current will be                                
deflected by a magnetic force 

  Force on wire of lenth L 
due to presence of B



F = qvB sin θ
Sin 0, 180 = 0   If a charge has velocity in the same (or opposite) 
direction of the magnetic field, it experiences no force! 

Sin 90 = 1   A charge that has velocity perpendicular to the 
magnetic field experiences the greatest force!

Solving problems involving magnetic fields and forces



The SI unit of magnetic field is the Tesla (T), named after Nikola Tesla, 

a Croatian  physicist. 

1 T = 1 N·s/(C·m)

By the way 

What is the unit for magnetic field????

http://www.treasure-troves.com/bios/Tesla.html


x x x x x x x   INTO Page

•••••••••••••     OUT of Page

Right Hand Rule 
Practice

A proton enters a magnetic 
field, as shown. Which way 
will the proton turn?

1. Up
2. Down
3. Out of page
4. Into page

Put your fingers in 
the direction of the 
velocity and curl out 
of the page … your 
thumb points up

Solving problems involving magnetic fields and forces



x x x x x x x   INTO Page

•••••••••••••     OUT of Page

Right Hand Rule 
Practice

An electron enters a magnetic 
field, as shown. Which way 
will the electron turn?

1. Up
2. Down
3. Out of page
4. Into page

Remember to flip 
the direction of the 
force for negative 
charges

Solving problems involving magnetic fields and forces



The electric force: Felec = Eq  The magnetic force: Fmag = qvB sin θ

Charge q in elec. field E and mag. field B

❑ is always parallel to the direction 
     of the electric field.

❑ acts on a charged particle 
    independent of the particle’s velocity.

❑ does the work when moving charge:
     The work, is  converted into kinetic 
energy which is,  in the case of conductors, 
transferred to thermal energy through 
collisions with the lattice ions causing 
increased amplitude of  vibrations seen as 
rise in temperature.

 

In the presence of magnetic field, the moving charged 
particle is deflected (dotted lines)

Bv v F

F

The electric field accelerates charged 
particles.



How does the Aurora Borealis work?

1. Solar particles began traveling 1,000 miles per
        second toward earth's magnetic field.

2. They are charged particles. When they reach   
     earth's magnetic field, or magnetosphere,
     magnetic force starts acting on them.  

3. Magnetic force only changes their direction, 
    spiraling them down in helical path. 
    The particles collide with the atoms and 
    molecules of the upper atmosphere.  

4. When the particles from the magnetosphere
     collide with the atoms and molecules 
     in the earth's upper atmosphere 
    (over the north and south poles), they ionize 
     atoms of oxygen and  atoms of oxygen and
      nitrogen. When free electrons recombine with
      ions of oxygen and nitrogen, energy is released
      in the form of light. This is the light that we see
      from the ground...the aurora borealis! 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjJ4s_Hz4LLAhXJRyYKHbJdA-QQjRwIBw&url=https://www.youtube.com/watch?v%3D2B5mdFQ79mg&psig=AFQjCNHK9BPjso_BqbhpAQX0D3sHjHtDJQ&ust=1455929757470659


Two important applications of the Lorentz force are 

1) the trajectory of a charged particle in a uniform magnetic field and 

2)  the force on a current-carrying conductor.  

Examples of the Lorentz Force



Motion of charge q in B Fields

Centripetal force: Fc = mac  = m v2/R 

 in this case Fc  is mag. force, so 

           qvB = m v2/R                  sin θ = 1 

positive charge
■ Force is perpendicular to B,v

■ B does no work! (W = F d cos θ1 )
■ Speed is constant (W = Δ KE )
■ Circular motion 
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http://www.sr.bham.ac.
uk/xmm/fmc4.html

❖ massive or fast charges – large circles

❖ large charges and/or large B – small circles

R
Fv

F
F

F F F

http://www.sr.bham.ac.uk/xmm/fmc4.html
http://www.sr.bham.ac.uk/xmm/fmc4.html


Solving problems involving magnetic fields and forces
The tendency of a moving charge to follow 
a curved trajectory in                                                 
a magnetic field is used in a                                            
mass spectrometer

▪ An unknown element is  ionized, 
and accelerated by an applied 
voltage in  the chamber S.

▪ It strikes a phosphorescent                                          
screen and flashes.

▪ By measuring x, one can determine the 
mass of the ion, and hence the unknown 

v
q

▪  from the picture we see that R = x / 2.

qvB = m v2/R 

m= qBx/2v



Question

What is the speed of the particle in chamber 2?

1) v2 < v1

2) v2 = v1

3) v2 > v1

1 2

v = 75 m/s
q = +25 mC

Each chamber has a unique magnetic field. A 
positively charged particle enters chamber 1 
with velocity v1= 75 m/s up, and follows the 
dashed trajectory.

43

Magnetic force is always perpendicular to velocity, so it changes direction, 
not speed of particle.



Question

Compare the magnitude of the magnetic field in 
chambers 1 and 2

1) B1 > B2

2) B1 = B2.

3) B1 < B2

1 2

v = 75 m/s
q = +25 mC

Each chamber has a unique magnetic field. A 
positively charged particle enters chamber 1 
with velocity 75 m/s up, and follows the 
dashed trajectory.

Larger B, greater force, smaller R



Question

A second particle with mass 2m enters the chamber and 
follows the same path as the particle with mass m 
and charge q=25 mC. What is its charge?

1) Q = 12.5 mC

2) Q = 25 mC

3) Q = 50 mC

1 2

v = 75 m/s
q = ?? mC

Each chamber has a unique magnetic field. A 
positively charged particle enters chamber 1 
with velocity 75 m/s up, and follows the 
dashed trajectory.

If both mass and charge double there is no 
change in R



Solving problems involving magnetic fields and forces
PRACTICE: A 25 μC charge traveling at 150 m

 
s-1 to the north enters 

a uniform B-field having a  strength of 0.050 T and pointing to the west

(a) What will be the magnitude of the                            
magnetic force acting on the charge?

(b) Which way will the charge be deflected?

SOLUTION: sketch would be helpful:
N

S

EW

UP

DOWN

B

q

v
F(a)  F = qvB

 
sin

 
θ   = (25×10-6)(150)(0.050)

 
sin

 
90°

 F = 1.9×10-4 N.
(b) Use the RHR for force on q in mag. field. 
      q will deflect upward. 

(c) Explain why the magnetic force can not 
change the magnitude of the velocity of the 
charge while it is being deflected.

 



(d) How do you know that the charge will be in uniform circular motion?

(e) If the charge has a mass of 2.5×10-5 kg, what will be the radius of                                   
its circular motion?

SOLUTION:
▪  v is constant.
▪  Since q and v and B are constant, so is F.
▪  Since F is constant, so is a.
▪  A constant acceleration perpendicular to the charge’s velocity is the 
definition of centripetal acceleration causing uniform circular motion.  

SOLUTION:

▪ In (a) we found that F = 1.9×10-4 N.

▪ Then a = F / m = 1.9×10-4 / 2.5×10-5 = 7.6 m
 
s-2.

▪ From (d) we know the charge is in UCM.

▪ Thus a = v2 / r so that 

          r = v2 / a = 1502 / 7.6 = 3000 m. (2961)



PRACTICE: A piece of aluminum foil is held between the 
two  poles of a strong magnet as shown. 

When a current passes through the foil in the direction 
shown, which way will the foil be deflected?

SOLUTION: 

▪ Sketch in B and v:

▪ Use the RHR for a moving                                           charge 
in a B-field.

B

v

F

Force on a current-carrying conductor in a B-field 



1. Up
2. Down
3. Out of page
4. Into page
5. No force exists

Solving problems involving magnetic fields and forces

In which direction will wire segment B be pushed?

1. Up
2. Down
3. Out of page
4. Into page
5. No force exists

In which direction will wire segment C be pushed?

V and B are in the 
same direction;  
no force exists.



Magnetic Field & Magnetic Force Problems

We do:
What is the minimum magnetic field necessary to exert a 5.4 
X 10-15 N force on an electron moving at 2.1 X 107 m/s?

B = F / qvsinθ
B will be at a minimum when sin θ = 1

B = F / qv = 5.4X10-15N  / (1.6 X 10-19 C X 2.1 X 107 m/s)
B = 1.61 X 10-3 T
  



Magnetic Field & Magnetic Force Problems

You do:
What is the magnetic field necessary to exert a 5.4 X 10-15 N 
force on an electron moving at 2.1 X 107 m/s if the magnetic 
field is at 45 degrees from the electron’s velocity?

B = F / qvsinθ = 5.4X10-15N  / (1.6 X 10-19 C X 2.1 X 107 m/s X 
sin 45)
B = 2.3 X 10-3 T.

  



Magnetic Field & Magnetic Force Problems

What is the magnitude of the magnetic force on a proton 
moving at 2.5 X 105 m/s in a magnetic field of 0.5 T …

(a) …if the velocity and magnetic field are at right angles? 
(b) …  if the velocity and magnetic field are at 30°?

(c) … if the velocity is parallel to a magnetic field?

F = qvBsinθ , so 
(a) when θ = 90°, F = (1.6 X 10-19 C)(2.5 X 105 m/s)(0.5 T) = 
2.0 X 10-14 N,
(b) F = (2.0 X 10-14 N) sin 30° = 1.0 X 10-14 N, and
(c) F = qvB sin 0° = 0.

  



End of Day 1





▪  Consider a current-carrying wire as shown.

▪  If we place compasses around the wire we discover 
that a magnetic field is produced which is tangent to a 
circle surrounding the wire.

▪ This is a strange phenomenon: Namely, the                   
magnetic field lines do not originate on the                          
wire. They encircle it. They have no beginning,                    
and no end.

▪ Furthermore, if we reverse the direction of the                   
current, the magnetic field lines will also reverse                   
their directions.

I

Magnetic field caused by a current 

■ 1820’s:  Hans Oerstad discovers electromagnetism  
with  his famous “compass and current - carrying wire” 
experiments (by accident)

http://www.walter-fendt.de/ph11e/mfwire.htm


▪ Imagine grasping the wire with your right hand in such a 
way that your extended thumb points in the direction of 
the current.

▪ Then your fingers will wrap around the wire in the same 
direction as the B-field lines. I

Determining magnetic field direction – straight wire
                        Right hand rule 2 



What creates magnetic fields?

Moving electric charges ---- such as, current!

Remember spin of electron – again charges

NO MAGNETIC MONOPOL

BIG IDEA



Currents Create B fields - Ampere’s Law

Lines of B

rB Current I OUT

This level of physics does not require you to derive the following two formulas. 
They are presented to show how the B-field strength decreases for the straight 
line and increases for a loop at its center

 

Magnetic field strength a distance r from a current-carrying wire

permeability of free space:

▪ μ
0
 = 4π×10-7 T

 
m

 
A-1 

permittivity of free space

▪ ε
0
 = 8.85×10-12 C2

 
N−1 m−2

I

r

B

I

R

B

Magnetic field strength in the center of a current-carrying loop of radius R
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Although this is the proper way to do it 

●        ●   ●  ●  

●        ●   ●  ●  

●        ●   ●  ●  

●        ●   ●  ●  

Most of the time you’ll find this 

x     x     x     x

x     x     x     x

x     x     x     x

x     x     x     x

x     x     x     x●      ●   ●    ●  

I

●      ●   ●    ●  

●      ●   ●    ●  

●      ●   ●    ●  

●      ●   ●    ●  

much easier to draw
Just keep that in mind!!!!



▪ Observe what happens if we bend a straight current-carrying 
wire                                                 into a loop:

▪ The B-field inside a loop is 
stronger than outside.

I
I

strong 
B-field

weak   
B-field

Sketching and interpreting magnetic field patterns



PRACTICE: Find the magnetic flux density 1.0 cm from a 
straight wire carrying a current of 25 A.

SOLUTION: Magnetic flux density is just B.

▪ Use B = μ
0
I / (2πd) where d = 1.0 cm = 0.010 m.

     B = 4π×10-7×25 / [2π×0.010] = 5.0×10-4 T.

PRACTICE: Find the B-field strength at the center of a 1.0 cm 
radius loop of wire carrying a current of 25 A.

SOLUTION:

▪ Use B = μ
0
I / (2R) where R = 1.0 cm = 0.010 m.

B = 4π×10-7×25 / [2×0.010] = 1.6×10-3 T.

Solving problems involving magnetic fields

π times 
stronger!



Determining magnetic field direction – wire loop



Solenoids
A solenoid consists of several current 
loops stacked together.

In the limit of a very long solenoid, the 
magnetic field inside is very uniform, 
and outside is almost zero (B ≈ 0 )

NORTH POLE   ?     
SOUTH POLE   ?

I

N S

NS

▪ If we place an iron core inside the solenoid we have an electromagnet. 
▪The ferrous core enhances the strength of the B-field
▪ Used to create a strong, uniform magnetic field
-- maglev



RHR for solenoids

Although you can use simply RHR 2 to determine direction of magnetic 
field inside solenoid, there is simple RHR for solenoids:

PRACTICE: In the solenoid shown 
label the north and south poles.

▪ Grasp the solenoid with your right hand in such a way that your fingers 
curl in the direction of the current.
▪ Your extended thumb points in the direction of north pole.

PRACTICE: The north and south                                         
poles are labeled in the solenoid.                                           
Sketch in the current, both                                                 
entering and leaving the solenoid.

I

I



1. What is the direction of the 
magnetic field at point A?

a) Into the page
b) Out of the page
c) Up
d) Down

2. What is the direction of the 
magnetic field at point B?

a) Into the page
b) Out of the page
c) Up
d) Down

3. What is the shape of the 
magnetic field lines?

       a)  circles
       b) spirals
       c) radially outward

I

A

B

4. Where is the magnetic field stronger?
a) point A
b) point B
c) it’s the same at A and B  



Force between wires carrying current

Current-carrying wires create magnetic fields

Magnetic fields exert a force on current-carrying wires

Current carrying wires exert forces on each other!

Two current-carrying wires exert magnetic forces on one another
We already saw that if we put a current carrying wire into a magnetic field it will 
feel a force....so what will happen when we put two current carrying wires 
together!?!?! One will create magnetic field that the other will feel a force from, 
and vice versa! Let us see what is going on.
 



Force between wires carrying current

I up
B

I up 

F Conclusion:  Currents in same 
direction attract!

x

Use RHR #2 to find the direction of the 
magnetic field at point P 
use RHR #1 to find the force on second wire

F

I up

B

I down 

F

Conclusion:  Currents in opposite 
direction repel!

x

Use RHR #2 to find the direction of the 
magnetic field at point P 

use RHR #1 to find the force on 
second wireF

P

P



What is the direction of the force on the top 
wire, due to the two below?

1) Left   2) Right    3) Up    4) Down   5) Zero



What is the direction of the force 
on the middle wire, due to the two 

others?

1) Left      2) Right    3) Up    

4) Down   5) NoneZero

I I I

What is the direction of the force 
on the left wire, due to the two 

others?

I I I

1) Left      2) Right    3) Up    

4) Down   5)  None   5) Zero



What is the direction of the force 
on the middle wire, due to the two 

others?

1) Left      2) Right    3) Up    

4) Down   5) None   5) 
Zero

I 2I 3I

What is the direction of the force 
on the middle wire, due to the two 

others?

I  I I

1) Left      2) Right    3) Up    

4) Down   5) None5) Zero



What is the direction of the 
magnetic field on a point P in the 

middle of two wires?

1) Left      2) Right    3) Up    

4) Down   5)  None) Zero

I
    P

I

What is the direction of the force 
on the left, due to the two others?

I I I

1) Left      2) Right    3) Up    

4) Down   5)  None   5) Zero

X



Two parallel wires are shown with the given currents 
in the given directions. The force on Wire 2 due to the 
current in Wire 1 is F. Find the force in Wire 1 due to 
the current in Wire 2 in terms of F.

▪ Recall Newton’s 3rd law.

▪ The force on Wire 1 and the force on Wire 2                  
are an action-reaction pair.

▪ But action-reaction pairs have equal magnitude             
(and opposite direction). 

▪ Thus Wire 1 feels the exact same force F!

Solving problems involving magnetic fields and forces



I

Solving problems involving magnetic fields and forces

A very flexible wire is formed into exactly two 
loops. The top loop is firmly anchored                                          
to a support, and cannot move.

Explain why, when a current is passed 

through the wire, the loops get closer 
together.

Two parallel currents attract each other 

F

F

I





electric and magnetic field

Direction:

Opposites  Charges Attract  Currents Repel

 


