Electromagnetism

Magnetic Field — a region of space in which a magnetic pole, current-carrying conductor, or a
moving charge experience a magnetic force.

Magnetic Field Lines

¢ Tangent of the lines points in the direction of the magnetic flux density, B
¢ Closer lines indicate larger B
¢ No two lines intersect one another

Magnetic Flux Density — at a point is the force per unit current per unit length experienced by a
straight current-carrying conductor placed at right angles in a uniform magnetic field.

Tesla — is the magnetic flux density at a point in a magnetic field if a straight conductor carrying
a current of one ampere placed at right angle to a uniform magnetic field experiences a force per
unit length of one newton per metre.

Magnetic Flux Density of a Long Straight Wire
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Magnetic Flux Density of a Flat Circular Coil
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Determine direction of field of a coil, use
Right Hand Grip Rule, where now, thumb
is the field direction and the fingers as
the current direction.

Magnetic Flux Density of a Solenoid
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The magnetic flux density within a long
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Ferromagnetic Material in Solenoid

Examples of ferromagnetic materials are iron, steel, nickel and cobalt
There are many tiny little magnets called magnetic dipoles within the material
o Regions of a number of magnetic dipoles are called magnetic domains
When unmagnetised, the magnetic dipoles are oriented randomly
Under the influence of an external magnetic field, such as when the ferromagnetic
material is placed inside of a solenoid, the magnetic dipoles will align with the field
o The ferromagnetic material is now magnetised
The overall effect is that a ferrous core in a solenoid increases the magnetic flux density
in and around the solenoid
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Magnetic Force on a Straight Current-Carrying Conductor

v

v

v

Magnitude of force,

Note:

F =BILsing

L is the length within the field, may not
be the whole wire (purple line)

B is the external magnetic field. NOT
the flux density by the wire

Direction of force by Fleming’s Left
Hand Rule

Left hand

Current Balance

To measure magnetic flux density

Note:

There are two circuits — one to the
solenoid that created the unknown B
that we want to find, one to frame
Before any currents are switched on,
the frame and the pan are balanced
When both currents are switched on,
additional anticlockwise moment by
force on AC needs to be balanced by
additional clockwise moments by
weight on scale pan,

magnetic force x L = extra weight

added x L

magnetic force = extra weight added

BlLac = mg

B =mg/ILac

| is the current in the frame. The

current in the solenoid is usually unknown.




Magnetic Force on a Moving Charge
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Magnitude of force,
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Note:

e Direction of force by Fleming’s Left
Hand Rule
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e Pitch, d affected by vy
o If there is an Electric Field in
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e Radius of helical motion, r =




Velocity Selector
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Selects charges at a specific velocity
When the charge is undeflected, by
Newton’s laws of motion, the electric
force on the charge must balance the
magnetic force on the charge

Electric force and magnetic force are
opposite in direction

Electric force, Fe = Magnetic force, Fg

gE = Bqv
E

V=—
B

Charges with velocity E/B will exit the
slit (selected)

Selection is independent of charge,
be it larger or smaller; positive or
negative

Charges only affects which direction
the charge will deflects when E > B or
E <B.




