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Figure A1




The purpose of the following calculation is to determine the magnetic field produced by a current carrying coil of wire.   The point at which we would like to find the strength of the field is some distance from the center of the coil along the coil’s axis, as shown in Figure A.1. 

Prior to attacking this problem, we will need to dispense with some terminology.   “In electrodynamics one frequently encounter problems involving two points—typically, a source point 
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, where an electric charge is located, and a field point 
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, at which you are calculating the electric or magnetic field” [Griffiths, p. 9].  In order to make the notation a little cleaner, I will adopt a shorthand for the separation vector given by 
[image: image3.wmf].
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We will attack this problem by first considering a single ring of current carrying wire. Once the result is established for the single ring, with the help of some limiting assumptions, we will extend that result to the case of many rings stacked on top of one another—as in a coil.  Figures A.3 and A.4 show the side and top views for the single ring of wire.  The ring of wire forms a circle of radius a.  The field point is a distance ZP from the center of the ring along the z-axis. 


We shall now employ the Biot – Savart Law to find the magnetic field at point P in Figure A.4:
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Also from A.4
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What is not clear from A.4 is the fact that as 
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moves around the circle, the field 
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sweeps out a cone, as is shown in Figure A.5: 
You can see then that the horizontal components of 
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 cancel each other, and we are left        with only the 
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components.  Making the above substitutions, we now have
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Now,
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since the current I follows along 
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is 90º.  Also notice that
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Now,
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Which gives
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[A.1]

for a single ring of wire.


The next task is to then extend this calculation to apply to the case many rings on top of on another; that is, the case of a multi-turn coil.  Before we begin, a few assumptions are necessary to make the calculation manageable.  First, we’ll assume that the coil is tightly wound so that each ring is a circle with the same radius.  Second, we’ll assume that each ring is as close as is possible to its neighbor—or neighbors as the case may be—so that the coil can be considered a continuous length of rings.  And last, we’ll consider each ring to be essentially flat; that is, they lie in a plane so that we won’t have to consider any distortion out of the plane.  
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Figure A.6 shows the arrangement of the coil.  As you can see, the z-axis coincides with the coil’s axis.  The coil is also centered about the x and y axes to take advantage of the symmetry. 
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Extending the previous result, we have
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where
[image: image21.wmf]J

is the current density and
[image: image22.wmf]z

is the point we are at on the z-axis. We are using the current density because of the first and second assumptions. Since each ring is identical and so tightly packed, we can consider the current through all of the rings combined as a surface current, with 
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(where N is the number of turns and L is the length of the coil).  We also have to take into consideration z moves from 
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, so the above equation must be rewritten as follows
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Now we will change variables.
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Some simplification is in order:
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Consulting a table of integrals we find 
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Which leads to our result 
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[A.2]

for a multi-turn coil.  
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