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roblem 2.7

is clearly in the z direction. From the diagram,
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For z < R (inside), E; =0, so
Problem 2.8

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

th

Problem 2.9

(2) p= V-E= 50;1,% (_1‘2 . k'ra) = Eg;lg-k(5f4) =




T R T B T T T e S R A T T R

25

(b) By Gauss’s law: Qenc = €0 §E-da= eo(kR*)(4n R?) =

By direct integration: Qenc = [pdr = ‘I;]R(5£ok1'2)(4?l‘1'2d‘l‘) = 20megk fOR ridr = dwegk RS

Problem 2.10
Think of this cube as one of 8 surrounding the charge. Each of the 24 squares which make up the surface

of this larger cube gets the same flux as every other one, so:

1 =
da=— E-da.
/ E-da 2 f a
e phds /
cube
The latter is Lg, by Gauss’s law. Therefore / E-d q
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Problem 2.11

Gaussian surface: Inside: § E-da = E(4n7%} = LQenc =0 = [E=0.]

\ =
@ — Gaussian surface: Outside: E(4nr?) = (04nR?) = |E = 0—2 f.

€T

(As in Prob. 2.7.)

Problem 2.12

§E-da=E-4rr’ = 2Qunc =

Gaussian surface

= '3—66;)?‘!'.

R . Since Quoy = $7R?*p, E= E:I'EE%f' (as in Prob. 2.8).

Problem 2.13
Gaussian surface

[T—Ts_\/ fE-da:E-?vrs-ié%Qenc:é,\l.So
P .
\i———/ E= 8| (same as Ex. 2.1).

"‘“T—"' - _ 2meps

Problem 2.14

Gaussian surface §E-da = E-4717r% = -Qenc = fl" fpdr = L J(k¥) (7 sin 6 dF d6 d¢)

=L T3 s — dmkrt _ omko4
_mk41rfordr— ol Zrrd.

1
E= rkrei.
47eg
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Problem 2.15

(l) Qenc =0, s0

(i) § E - da = B(4nr%) = L Qe =

Nt T

(iii) E(drr?) = 42& [ d% so
- k (b—g)”

_— “

Problem 2.16

(i) O (D-'-—— Gaussian surface §B-da=FE-2us-1= E%Qenc = 21597752“
1

/ E=£§
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(ii) () __.) ) $§E.da=FE-2r3-1= %Qe“cz ;%p‘.'razl;
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Problem 2.17

On the zz plane E = 0 by symmetry. Set up a Gaussian “pillbox” with one face in this plane and the
other at y.

Gaussian pillbox JE-da=E-A=1Qe\ = L Aup;

@ : - - E= gyy (for [y] < d).

—l-y-.—

=



¢
et i) St i)

Qenc = L Adp = |E = £dy | (for y > d).
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Problem 2.18

From Prob. 2.12, the field inside the positive sphere is E; = :';‘E;rh where r. is the vector from the positive

center to the point in question. Likewise, the field of the negative sphere is -—§f;r_.

=L (r, -
E—3€D(I‘+ I‘_) r_

But (see diagram) ry —r— =d. So|E = LY

So the total field is

Problem 2.19

Problem 2.20

X ¥y 2
(1) VXE1 =k|& & & {=kF0-20)+9(0-32)+20-2)]#0,
xy 2yz 3Jzz

% %
(2) VXE, = k|2 = 2 =k[&(22—22) +$(0-0) +2(2y — 2y)] = 0

50 E; is a possible electrostatic field. 2

Let's go by the indicated path:

E-dl ={* d:z:+(2my+z2)dy+2yzdz)k' 1
Step Il y=2z=0;dy=dz=0.E.dl=ky*dz =0.

¥

‘(Iu,yoa Zo)

111

Step I =T,y : 02 Yo, 2=0.dr =dz = 0.
E . dl = k(2zy + z%)dy = 2kxoy dy.

J; E-dl = 2kxo f:"ydy = kzoyg-
StepHII' z =xz0, y=140, 2:0 = 2zg;dz = dy = 0. x
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E - dl = 2kyzdz = 2kypz d=.
S B dl =240k [7° 2dz = kypzd.

{zo.y0.20)
V(zo,y0,20) = — f E-dl = ~k(zoyg + yz3), or | V(z,y,2) = —k(zy® + y2°).
Check: —vwv=k[£&(xy*+p:*) %4 & (21 +y2?) 5+ £ (=0 +yz=)a]=kty= ®+(22p+22) § 429z E|=E. v __—

Problem 2.21

Viry=— [  E-dlL {

Outside the sphere (r > R): E= -4+

Inside the sphere (r < R): E= E‘,,AE—D

So forr > R: V(r) = — [ (4,“0 ) dF =

dmep r
R _ — 2__p2
and for r < B: V(r) = - [ (s & (s o7) @7 = g [ - 2 (252))]
A9 LA
4zeg 2R R?

- 8 2Ya s . - - -
Whetr < R, VV = ;?;ﬁg; (3— 'ﬁz)l‘-— i ()= - i oE= —V{- et '
Problem 2.22
E = 1

e § (Prob. 2.13). In this case we cannot set the reference point at oo, since the charge itself
extends o 0o. Let’s set it at s = a. Then

1 s

= [F{_-1_2A = el
Vis) = j; (dﬂn 2 )ds T 2AIn a) .
(In this form it is clear why a = co would be no good—likewise the other “natural” point, a = 0.)

UV =—zloaa2 (In(2))s=—z-2015= -E.v

41reo

Problem 2.23
V() = - [LB-dt = - [ (£950)dr - fF(EE)ar — [20)dr = 2858~ E (n(2) +a(L-1))
- .

b
=t(-g-m@-1+81=|2m(2).

Problem 2.24
Using Eq. 2.22 and the fields from Prob. 2.16:

VO -V =- [ E-d=—[fE-dl— [[E.dl = - [*ads — 2 [* 14,

G2 pa b
:_(5’6’?)?0+2‘° ins, = 4eo (1+21 (G))
Problem 2.25
1 2q

{a) |V = .
47en \/22+(§)2

i o=



