7 Magnetic Field Sources
Take an element carrying current I and ask what are the properties of B at r with respect to the element.
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dB is perpendicular to dl, r. dB is in the right hand sense with respect to I, 
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Where 
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Magnetic permeability of vacuum

Straight Conductive Wire
                                  z
                                 
                                           a  
 dl = dz 
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Hence 
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Then as the field is only in the y direction
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As a becomes infinite 
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Force Between 2 Wires
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Force on segment l of the top wire:
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So like carrying wires are attracted.

Circular Loop
                                 y 

                         dl 

                               a

The angle subtended by dl is 
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The element 
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at the top of the loop.
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By symmetry we can see that components of dB perpendicular to x-axis will cancel, as there are elements on the opposite side of the loop.

For our element:
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We need to some all around the loop, to give Bx
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We can make Bx larger by increasing I or adding more loops (N)
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Recalling 
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Then
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Amperes Law

Recall B due to a straight wire 
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So 
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at least for circles with I at there centre. What about when this isn’t the case:                               dl
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As B and dl are perpendicular.

So 
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Arc – Radial Segments Outside I
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Path Encloses I
We will now generalise for any arbitrary path. By taking B.dl for a small segments.
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as 
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i.e. 
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Likewise if we go outside current 
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Suppose we have I1, I2, I3…
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Amperes Law 
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Applications
e.g. Cylinder carrying uniformly distributed I
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“By symmetry” no 
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 or z dependence.

We know that B is perpendicular to I, so 
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So chose circle as “Amperian Circle”






Amperian circle on the inside. Radius r < R
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So 
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r > R
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Just like a wire 

                                                                                              R                       r

What if I is not uniform:

e.g
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                                        Small area 
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Amperian circle of r inside R.

We still have 
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Need to add up all the current through areas 
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So 
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For r > R
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Solenoids
An infinite straight with n turns of wire per unit length, B does not depend on z or 
[image: image61.wmf]q
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Take path 1
Top
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Bottom: 
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Take path 2
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In fact Bout is independent of solenoid so field due to solenoid 
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i.e. 
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e.g.

Torodial Solenoid of n turns
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By symmetry B is encircles the centre of each loop







Take path with circle of radius 
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Take limit of small windings and a large torus, we recover the formula for the infinite solenoid.

Magnetic Materials
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B0 Externally applied

M Magnetism

Xm Susceptibility
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Where km is relative permeability

Replace 
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