Problem 1.39 .
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Two surfaces—one the hemisphere: da = R?sinfdfd¢i; r=R; ¢:0— 2w, 0:0— 2.
Jv-da = [(rcos@)R*sin6 dfd¢ = Rgfug" sinﬂcosﬂdﬂfoz" d¢ = R®(}) (2m) = =R,

other the flat bottom: da = (dr)(r sinﬂd¢)(+§) =rdr dqﬁé (here@=%). r:0— R, ¢:0— 2.
[v-da = [(rsinf)(rdrdp) = UR rdr 02“ do = 21:%3

Total: [v-da =R+ inR®=3xR3. v

Problem 1.42
(8 Vv = Bi (ss(2 + sin q&)) + ~—¢;(.s sin ¢ cos ) + 2 (3z)
25(2 + sin’ ¢) + L s(cos2 —sin? ¢) + 3
4+251n ¢ + cos® a;b sin®¢ + 3

= 4 +sin® gb+coszq5+3—
(b) (V-v)dr = [(8)sdsdpdz = sfj sds ff d¢f05 dz = 8(2) (§) (5) =

Meanwhile, the surface integral has five parts:
top: 2 =5, da = sdsd¢z; v-da = 3zsdsdp = 15s4sd¢p. [v-da = leozsds 05 d¢ = 157.
bottom: 2z =0, da = —sdsdp%; v-da = —32s8dsd@Z=0. [v.da = 0.
back: ¢ = I, da = dsdzrf); v-da = ssingpcospdsdz = 0. fv-da =)
left: ¢ =0, da = —dsdz¢; v-da= —ssingcos¢pdsdz = 0. [v-da=0.
front: s = 2, da = sd¢p dz8; v-da = s(2 + sin® ¢)s dp dz = 4(2 + sin? ¢)d¢ d=.
[veda =4[ (2 +sin®¢)do [ dz = (4)(x + Z)(5) = 25m.

So §v-da = 157 + 257 = 407. v’
£} Vxv = (%3%(32] ~ £ (ssinpcos qb)) 8+ (£ (s(2+sin?9)) - £(32))
+1 (%(fsinqﬁcosgb] - % (5(2 + sin® ¢))) Z
= %(ZSSinrﬁcosqb — 52sin¢ cos ¢)z=
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Problem 1.48
First method: use Eq. 1.99 to write J = [e™" (4n8%(r)) dr = 4me™® =
Second method: integrating by parts (use Eq. 1.59).

J = _/r2 V(e*’)d'r+% ) ‘da. But V(e™")= (%e”’) f=—-e"f.
s

v

= fT%e_”47rr2dr+/e—’r%-rzsinﬂdﬁ'dqﬁi" =4ﬂje_’"dr+e_R[sin9d9d¢
0

R+ e_ﬂ} =4n.v  (Here R = oo, so e R = U.)

R
= dr (—e_") I':I +dme R = 47r(
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Problem 2.7

E is clearly in the z direction. From the diagram,
dg = oda = o R%sin0df dg,

2?2 = R? + 22 — 2Rz cos#,

cosy = z—Recosﬂ.

So
Y
1 oR*sinfdfd¢(z — Rcosb)
, = d¢ = 2m.
e 4m, / (R? + 22 — 2Rzcos0)3/2 J g
T
bd 2 (2 — Rcosf)sin 6 i e ST J =0=2u=+1
t -—(2:rrR a)/ B tRaeega @ Letu=cosd; du=—singdgs{ o= 13U L.
= Z;—(?ﬂ' R%0) / o :2' R;;zu) 373 du. Integral can be done by partial fractions—or look it up.
€0 =3 -
(2nR0) a zu—R ' __1 2R% [(2-R) _(-z-R)
dmeo 22/R?+ 22 —2Rzu)_, 4me 22 |z—=R| |2+R| J°
1
For z > R (outside the sphere), E. ﬁﬂ'ﬁz— - 4:& 4,50 |E = g %

For z < R (inside), E. = 0, so
Problem 2.8

According to Prob. 2.7, all shells interior to the point (i.e. at smaller r) contribute as though their charge
were concentrated at the center, while all exterior shells contribute nothing. Therefore:

1 ant --
o) = dmeg r?

!

where Q) is the total charge interior to the point. QOutside the sphere, all the charge is interior, so

1 Q.

41rfg 2’

Inside the sphere, only that fraction of the total which is interior to the point counts:

L rd 1 3= i Q
3

" 4meg ﬁ _2 4‘rreo ﬁr'

Problem 2.12

Gaussian surface §E-da=E-4rr’ = 2Qenc = L47r%p. So

1
E=—
f‘ 360,01“1'

Since Qior = %ﬂR:ipa E ?4;5 rrl
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