SOLUTION TO PROBLEM SET 2
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The above makes no sense on the z axis, of course, where the function diverges. But we can
use Stoke’s theorem. Let us take a circular path around the z axis of radius (y? + 2%)V/2.

Then an element of path length is
dl = (-2j + yk)df
where 6 is the angle around the z axis. Then v - dl = df and we get
fv-d1=fd0=27r=/(va)—dA

Thus V x v must be singular on the z axis. As dA for an infinitesimal circle is certainly in

the k direction, we must have

V x v(r) = 276(y)6(2)k



2a)Note that the range of integration includes ~2 where the delta function is singular.
/ 13(:1:3 _ 32% + 20 — 1)8(z + 2)dz = (<2)° — 3(=2) + 2(=2) — 1 = 25
b) Again the range of integration includes m where the delta function is singular, so
/ooo[cos(B:v) +2])6(z — 7)dz = cos(37) + 2 = +1.

8(z? ~ a®) = §[(z — a)(z + a)]

which is singular at z = +a. At z =a

§((z — a)(z + a)] = 6[(z — 0)(20)] = 8(z - a)/2]a|
and similarly at z = —a

§[(z — a)(z + a)] = 0[(z + a)(~2a)) = 8(z + a)/2lal

S0 quite generally
5l(z — a)(z +a)] = 2—|1;1—|[5(a: —a) + b(z + a)]

Problem 1.47

(a) a? + a-a + a? = | 3a2.
(b) fir - b 8%(r) dr = {k? = kg (43 +3%) =1
(c) ¢ =25+ 9+ 4 = 38 > 36 = 62, 50 c is outside V), 50 the integral is [zero. ]

(d) (e - (2% +29+28))> = (18 + 09+ (-1)3)* =1+1 =2 < (1.5)3 = 2.25, 50 e is inside V),
and hence the integral is e-(d — e) = (3,2,1)/(-2,0,2) = ~6+0+2 =




4.a) In this case

p=(-2))(1)+ f_ 11[(—1)1 +yjldy = —4xi

b) On the z axis,
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Now the electric field in the direction of a dipole p is

__2%
T dmegrd’

which is just of the form of the above with a dipole moment p = —4i.

Problem 2.7 .

E is clearly in the z direction. From the diagram,
dg = oda = o R?sin8df d¢,

22 = R? + 22 — 2Rz cos0,

COS'p = M_ﬂ_.

2
So

1 oR%sin 6 df dp(z — Rcosd)

~ dmeg (R? + 22 — 2Rzcos6)3/2 °
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= Trep TR a)/o (R? + z% — 2Rz cos )32

__1 2 ' — Ru . . .
= 4—(21rR a) / (B3 1 22 = 2Reu)l3 du. Integral can be done by partial fractions—or look it up.

Jd¢ = 2=
z
ds. Let u = cos8; du = —sinado;{

0=0=>u=+1 1]
f=a=2u=-11{"
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For z > R (outside the sphere), B, = —4582 = 14 4 |E= yr— 3.

Fgr z< £ (inside), E; = 0, so




