6 Magnetic Fields
Magnetic Fields have North and South poles.
Opposite poles attract.
The Earths North Pole is the pole that attracts North Pole if a bar magnet, i.e. it’s a South magnetic pole.

Magnetic Field Lines are represents the orientation of a compass needle at that point.
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Poles always come in pairs, there is no such thing as a monopole.

Magnetic Forces
We measure magnetic B field in teslas.

When we look at force on a charge q in a magnetic field B we find.

· No force if q is stationary (v=0)

· E
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 and the force is perpendicular to both v and B
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Lorentz Force
e.g. A Charge Separator
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Positive charges curve upwards as the Lorentz force is upwards 
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Negative charges curve downwards as the Lorentz force is downward 
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If an electric field also acts on the charges the Force is
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Magnetic Flux
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       I, coil of wire carrying I






Wire carrying current I (Right hand grasp rule)
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Lines of B have no ends. Hence, if you calculate flux magnetic field 
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out if an closed volume is 0.

i.e.

Gauss’s Law For Magnetism
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Motion Of A Charged Particle In A Magnetic Field
Consider a positive charge moving with velocity v in a uniform magnetic field.
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 B field acting into the page. 


                 F = 0                      F = q (v x B)


                            q > 0, Vel =0                     q > 0, Vel > 0

Note F is perpendicular to both B and v
So Force cannot do work.
Ad 
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q x B is perpendicular to v, so dot product gives 0

In example above, velocity is perpendicular to B so motion stays in plane.

Constant 
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 and constant 
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leads to circular motion.

So  
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 Larmour Radius
Also
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 Cyclotron Frequency
So we can use these facts to measure q / m and velocity of particles. But do they move clockwise or anticlockwise? We work this out by noting that F points towards the centre of the circle.

Also putting thumb in the direction of the magnetic field and watching which way fingers curl.
Right hand – positive particles, Left hand – negative particles.

The force parallel to B is 0; hence the velocity parallel to B is constant.

So total motion is
Uniform parallel to B





Cyclotron perpendicular to B

With a parallel component to the velocity the motion is helical.

When a charged moving particle enters the Earth’s magnetic field they move in helical motion towards the poles. However, near the poles the stronger B field causes the perpendicular velocity increases and the parallel velocity decreases. So the charged particle moves from one pole to the other. This leaves the energetic particles in “van Allen Belts” for weeks, some crash into the atmosphere.
Another Application: Velocity Selector

Applied B field causes particles to crash into the wall.

An applied E field cancels the motion.

For a particle to go straight through F = 0
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Direction a positive particle would move in due to the B field
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So need E = - v x B

With v perpendicular B, for it to move straight through 
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Force On A Wire
There is a force on a wire due to force on each moving charge carrying the current.

F = No of charges . q . vd x B
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So 
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Where L = L x unit vector in direction of current
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F into the page
If the wire is not straight we break it up into small pieces dl
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B = Bz
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So 
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But there is a torque due to F1 and F3
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Then 
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Angle between A and B, direction of A x B
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Define
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Then
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Also true for non rectangle loop, as they can be split into many rectangles which inner segments cancel.



                                                       Leaving only





the outer loop


A motor can be made better by increasing the torque, Increase I, loops and B
Hall Effect

For determining the sign of the charge carriers:

                         z             y

                    

                                                       x

                                                                 I, vd
A block carrying a current, suppose the charge carries are positive and are travelling at velocity vd.
They experience a force F = q vd x B in the positive z direction, charge collects at the top, making it positively charged and the bottom negative.

This sets up an electric field in the –z direction, which eventually balances the magnetic force and the voltage can be measured. 

If the carriers are negative, then the direction of vd is reversed and the forces if in the z direction. Opposite to the q>0 case. So a different voltage would be measured.
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Only considering the z component
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So 
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