1 Electric Fields, Potentials And Forces
Coulomb’s Law
· Electric charge is measured in Coulombs.

· A unit charge is the charge on an electron i.e. 1.6x10-19 C (i.e. there are no fractional charges).

· There are positive and negative charges:






Like charges repel, whilst opposite charges attract.
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Where 
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= Permittivity of free space = 8.85x10-12 C2/Nm2

If there are no external forces:
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Principle Of Superposition

Force due to a collection charge = Vector sum of forces due to each individual charge.

Using the principle of superposition and the knowledge that 
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 leads as to define electric field strength as force per unit charge.
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e.g. 
Find E at r
                             r
                                           qtest 
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e.g.
Motion of electron in a uniform electric field.
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The motion in the x direction can be described thusly:
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The motion in the y direction can be described thusly:
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These equations describe parabolic motion.
Charge Distribution On A Dipole
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  q1=+q

q2=-q


X

What is E at X
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Vector Electric Fields

Ring of charge

                  

  y                  
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                                                                   Test particle moves 
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Total charge is Q.

The electric field created by a small part of charge dQ at the top of the ring is given by:
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By symmetry y fields will be cancelled out, only x components will survive after summing around the loop.

As 
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Adding up around the loop
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Where y is the radius of the loop a
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Then as x becomes large  Ex becomes
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Which is like a point charge.
Line Of Charge
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     -a                                                            Test particle moves 
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By symmetry y components cancels, as there is always an identical dQ at y.

So 
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Then as x becomes large  Ex becomes
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Which is like a point charge.

Disc Of Charge



Split the disc into rings and use the ring result.
We also define
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Then dEx = 
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Sum over all rings (r=0 to r=a)

Then 
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Then as x becomes large  Ex becomes
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Also as x becomes 0, we regain ring formula.

Field Lines And Dipoles

Field lines are lines of E formed by starting a point and following E to a neighbouring point ad nauseam. 

Point charges field lines are radial.

· Closeness of field lines represents 
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· Tangents to the field lines are parallel to E

· Fields lines can never cross.

Dipole Moment
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p = q.Distance (from negative to positive charge)
p = qd
Dipoles in a uniform E Field.

                             q

                    p


   E 
[image: image34.wmf]^

x

®

 
         
     -q
F on dipole = F+q + F-q


       
[image: image35.wmf]0

^

^

=

-

=

x

qE

q

x

E


There is no net force however there is a torque.
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Origin in centre of each charge is d / 2 away
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The torque can be found by placing your right hand on p and bending your fingers the shortest way around to E, your thumb points in the direction of the cross product. 
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