Problem 2.17
On the z 2z plane E = 0 by symmetry. Set up a Gaussian “pillbox” with one face in this plane and the
other at 9.
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Problem 2.18
r+, where r is the vector from the positive

From Prob. 2.12, the field inside the positive sphere is E4 =
center to the point in question. Likewise, the field of the negatwe sphere is ——P—r_ So the total field is
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Problem 2.21
Outside the sphere (r > R): E = “‘o Lt
V(ir)=-[_E-dl
Inside the sphere (r< R): E= 4:(0 Fart.
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Soforr>R: V(r)=- [ (4,1,0 'qr) dF = 7-9(7)

and for r < R: V(r) = f (

When r > R, VV = ,o%(%)f"—"—heo

When r < R. VvV = Gqé?ma?



In the figure, r is in units of R, and V/(r) is in units of =14.

Problem 2.27

Cut the cylinder into slabs, as shown in the figure, and
use result of Prob. 2.25¢c, with z = z and ¢ = pdz:
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Problem 2.32
(a) W = } [pVdr. From Prob. 2.21 (or Prob. 2.28): V = £ (R* - ) = oo (3 - 1)
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(b) W = @ [E%dr. Outside (r > R) E = 1= %# ; Inside (r < R) E = ] &t
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(c) W =2 { $sVE -da + fv Ezd'r} where V is large enough to enclose all the charge, but otherwise
arbitrary. Let’ s use a sphere of radius @ > R. Here V = 1,
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As a — o0, the contribution from the surface integral (4:3:0%) goes to zero, while the volume integral

(;12. _5_;. e 1)) picks up the slack.
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Problem 2.49

L P‘l o=/
(@)|B= 7 [ (1 " /\) dr.

(b) The field of a point charge at the origin is radial and symmetric, so VXE = 0, and hence this is also
true (by superposition) for any collection of charges.
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Now [Le~/Adr = -2 _ 1 [¢7Z g « exactly right to kill the last term. Therefore
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(e) Does the result in (d) hold for a nonspherical surface? Suppose we
make a “dent” in the sphere—pushing a patch (area R?sin 6 df d¢)
from radius R out to radius S (area S?sin 6 df d¢).
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So the change in 37 [V dr exactly compensates for the change in §E - da, and we get —q for the total using
the dented sphere, just as we did with the perfect sphere. Any closed surface can be bmlt up by successive
distortions of the sphere, so the result holds for all shapes. By superposition, if there are many charges inside,

the total is éQenc. Charges outside do not contribute (in the argument above we found that ® for this

volume §E - da + Xl'-' JV dr = 0—and, again, the sum is not changed by distortions of the surface, as long as ¢
remains outside). So the new “Gauss’s Law” holds for any charge configuration.

(f) In differential form, “Gauss’s law” reads: | V-E + %V = l,0, or, putting it all in terms of E:

V:E- — fE dl = --p Since E = —VV, this also yields “Poisson’s equation”: —V?V + A_2V = é




V=— [ E-dl
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