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The following is mearly a write up of one section of my notes of trying to work on the Polywell
reactor physics. It is not meant to be useful, it was meant as an excercise in figuring out single
particle motion in a complicated electric and magnetic field.

We start with

Expanding into all three dimensions gives
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In formal notation let D’ = j—t and rewrite these as

%D’% +B.v,—By,=—E, (5)
m .,

— Bv, + ?D vy + Byv, = — E, (6)

Byvy — Byuy + %D’vz =—F, (7

Transforming to my dimensionless variables, let D = dd—yz
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To solve this for every point in space we take B and £ as functions of space (and it could be
time too, but that’s getting way too hard.) Formally we can write a solution to 10-12 as
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and we get
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Putting in the driving terms for the first column gives
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The homogeneous solution comes from
D(D*+ B+ B2+ B%) =0 (16)
Let
up=e"" (17)

be a homogeneous solution. Then
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and we get
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So we have
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Assume
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Plugging these into 10 - 12 with no driving terms gives
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From the last equation
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So the homogeneous solution is complete, but the particular solution is a huge mess.

A particular solution can be found by setting 14 equal to 15 using 10-12. Letting
Ug x e
we have
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and setting 14 = 15 with a little moving around gives
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where
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The general solution to 33 is given by (CRC Standard Mathematical Tables 21st edition)
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Now, to save some writing attempting to solve the cubic equation 33 let
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and
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Grinding through a bunch of algebra I find
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If Z—2+ 52 0 then A= B. The solutions will be of the form
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If bz + ;—7 >0 then A and B are real and we have one exponential and two sinesoidal solutions.

2 3
If bZ + ;—7 <0 then A and B are imaginary and we have one sinesoidal solution and two expo-

nentials. However, the exponentials also have sinesoidal components.

At this point, I gave up on this kind of solution method. It is much easier to do brute force
than attempt to grind out all the possible cases and keep track of all this crap.

Note that the subscripts in 34 and 35 rotate for the y and z dimensions - it is exactly the same
math. However, at any one point in space, you may have either sinesoidal or exponential solu-
tions in any of the dimensions. Brute force just seems really simple in comparison.



