SOLUTION TO PROBLEM SET 5

1. I wrote a fortran program which took 204 iterations to converge to the desrired tolerance.
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(d) [Zero.]

(e) or changes (but not g, or 0b); Eoutside changes (but not E, or E,); force on g, and g, still zero.

t, | where r = vector from center of large sphere.

s, | where r, (rs) is the vector from center of cavity a (b).
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3. Use Gauss’ law to get the electric field in between the two cylinders:
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Problem 2.48

2 2 v 1
(a) V2V = — £ (Eq. 2.24), 80| o = b
2qV
(b) gV = jmv? = [v = q?

(c) dg = Apdz ; ¥ =ap% = (constant). (Note: p, hence also I, is negative.)

a4 &
@) G =-fp=—Gdk =—axyay | gz =V, where f= -3\ /.

(Note: I is negative, so 3 is positive; g is positive.)

(e) Multiply by V' = 4¥

w% = gv-'/‘% = /v' dv' = ﬂ/V"lf’*‘ av = %v” = 2pV*/? + constant.
But V(0) = V’(0) = 0 (cathode is at potential zero, and field at cathode is zero), so the constant is zero, and
V2 = 4pv1/2 o g =2y/BVVA =% V=144 = 2\/B dz;

/V—m A 2\/5/(;1 = gv'-‘/‘ = 2y/Bz + constant.

But V(0) = 0, so this constant is also zero.
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Interms of Vj (instead of I): |V (z) = (d) / (see graph).

Without space-charge, V would increase linearly: V(z) = V, (%) Vi
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na - £(theta_, r_] 1= (L-x*x) /2% (1/ (L-2xrxCos[theta] +T+r))

4 - Plot[£[theta, .1], {theta, 0, Pi}]

ini5)- Plot[£[theta, .5], {theta, 0, Pi}]
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6. If the sphere is electrically neutral, we must add to the previous solution a uniform charge
density o = q/4ma® on the outer part of the shell. The total potential is the sum of the

previous solution plus the potential produced by this uniform distribution. Thus the total

solution is
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