Calculate the magnetic field above a planar spiral
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The spiral is in the x-y plane. I’ll assume it starts at 
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 and I’ll let it spiral in the counter clockwise direction. Z comes out along the center (out of the paper).

The distance to the spiral is described by:
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The vector describing the ith current element is:
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In terms of cylindrical coordinates:
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Then:
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and
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Let me re-write Biot-Savert as:
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Then:
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We are now ready to put everything together:
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Integrate to find B:
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It is going to be useful to make this dimensionless as much as possible:


[image: image14.wmf](

)

(

)

{

}

(

)

(

)

{

}

zzzz

pppp

2

bbbb

00

3/23/2

22

zz

pp

322

22

bb

ˆ

ˆ

ˆ

ˆ

ˆ

ˆ

bsincosxcossinyzdsincosxcossinyzd

II

44b

b

00

B

jj

jjjjjjjjjjjjjjjj

mm

pp

jj

jj

+--++--+

ìüìü

ïïïï

ïïïï

++

íýíý

==

ïïïï

ïïïï

îþîþ

==

òò

r


Let us define:
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Now this integral as it stands can not be easily evaluated except for the z direction. I’ll do that and then worry about the off axis components.
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So:
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Now if you have a lot of turns relative to u, we can make an approximate near field result:
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If ( gets really big, then we have:
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The other integrals can be evaluated for a specific u value numerically.

Here is an example:

let’s suppose we have a total of 100 turns. Then
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Let me make a table of the integrals vs u:

	u
	Ix
	Iy

	1
	0.594708106422
	-0.180885324085

	2
	0.0792895764779
	0.0439583997414

	3
	0.0105322616138
	0.0213514952918

	4
	-0.000181037443711
	0.00803626937959

	5
	-0.00124944248817
	0.00287964374708

	6
	-0.000893053449987
	0.00101747591632

	7
	-0.000518934479151
	0.000357380862423

	8
	-0.000286774000415
	0.00012451803097

	9
	-0.000158763955847
	0.000042390285168

	10
	-0.0000901843313291
	0.0000133840083553

	
	
	

	.1
	17.0605410579
	-96.1491879825

	.2
	7.80830068854
	-22.1271620148

	.3
	4.64513589918
	-8.81418258313

	.4
	3.09612749647
	-4.34635945944

	.5
	2.19750113616
	-2.38846570091

	.6
	1.62282343867
	-1.3938720065

	.7
	1.23146198647
	-0.839887722666

	.8
	0.953047151214
	-0.511882469957

	.9
	0.74856487828
	-0.30942064483

	
	
	

	
	
	


 I’m using the trapezoid rule from this site:

http://people.hofstra.edu/faculty/Stefan_Waner/RealWorld/integral/integral.html
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Here is a plot. Z is purple, triangles are y and diamonds are x.

If you are very far away for this case, the real predominate contribution to the magnetic field really is pretty much only in the z-direction.

How far is this? well it is about 10x the change of position between one coil and the next. Thus it is almost always the case for fine wire that this is true, especially with a large number of turns. Thus, I permit myself to say:
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