
Homework Solutions

48Displace −|Q| from z = 0 to z > 0 with z << R;

FQ,z = m az = −|Q|Ez = −|Q| kqz

(R2 + z2)
3

2

≈ −|Q|kqz

R3

which is a harmonic oscillator equation, with

ω2 =
kq|Q|
mR3

=
|e|q

4πε0mR3

49

|dFQ| =
|kQ dq|

R2

(

− sin θi + cos θ j
)

, dq =
q

πR
R dθ = q

dθ

π

FQ =

∫ π

0

|kQq|
πR2

(

− sin θi + cos θ j
)

dθ = −2|kQq|
πR2

i

50In the absence of charges, the voltage everywhere is zero, or is at least everywhere some constant value (no fields
mean no voltage differences), so

W1 = q1

(

V (r1) − V (∞)
)

= q1

(

0 − 0
)

= 0

Now the voltage at r2 is due to q1 at r1;

W2 = q2

(

V (r2) − V (∞)
)

= q2

( kq1

|r2 − r1|
− 0

)

=
kq1q2

|r2 − r1|

Now the voltage at r3 is due to both q1 and q2;

V (r3) =
kq1

|r3 − r1|
+

kq2

|r3 − r2|

so bring in q3 from infinity;

W3 = q3

(

V (r3) − V (∞)
)

= q3

( kq1

|r3 − r1|
+

kq2

|r3 − r2|
)

and so proceding in this way, adding W = W1 + W2 + W3 + · · · we see that we get a term

Wij =
kqiqj

|ri − rj |

for each distinct pair of charges in the system. For a square of charges there are six pairs (two diagonal, four sides)
so

W = 4
kq2

a
+ 2

kq2

√
2a
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FQ =
|kQq|

(√
x2 + a2

)2

(

cos θi− sin θj
)

+
|kQ(−q)|

(√
x2 + a2

)2

(

− cos θi − sin θj
)

= −2
|kQq|

(√
x2 + a2

)2

(

sin θ j
)

= −2
|kQq|

(√
x2 + a2

)2

a√
x2 + a2

j

W = Q
(

V (x) − V (0)
)

= Q
(

0 − 0
)

= 0

since V (x) = kq
√

x2+a2
+ −kq

√
x2+a2

for any x.

1
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The field (in the first octant) is a sum of three constant fields, each normal to one of the three planes

E =
σ3

2ε0
i +

σ1

2ε0
j +

σ2

2ε0
k = 2πkσ3i + 2πkσ1j + 2πkσ2k

Make a path from (0, 0, 0) to (a, b, c)

r(t) =
(

ai + bj + ck
)

t, r(0) = 0i + 0j + 0k, r(1) = ai + bj + ck

d

dt
r(t) = ai + bj + ck

and

W = −
∫ 1

0

QE · d

dt
r(t) dt = −

∫ 1

0

Q
(

2πkσ3i + 2πkσ1j + 2πkσ2k
)

·
(

ai + bj + ck
)

dt

= −Q

∫ 1

0

(

2πkσ3 a + 2πkσ1 b + 2πkσ2 c
)

dt = −Q
(

2πkσ3 a + 2πkσ1 b + 2πkσ2 c
)
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E =

∫ ∞

0

k (λ dx)

(x2 + a2)
2

2

( xi√
x2 + a2

+
aj√

x2 + a2

)

V =

∫ ∞

0

k (λ dx)

(x2 + a2)
1

2
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∑

Fx = 0 = −T sin θ + q 2πkσ,
∑

Fy = 0 = T cos θ − mg

Divide

tan θ =
2πkqσ

mg
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The electric field there is

Ez =
σ

2ε0
= 2πkσ = −dV (z)

dz
∫ z

0

dV (z) = −
∫ z

0

2πkσ dz, V (z) − V (0) = −2πkσ z

V (z) = V (0) − 2πkσ z = V (0) − σ

2ε0
z
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The electric field within is
E =

q

4πε0R3
r

pick a path from the center to the surface, a radial ray (parallel to the field) of magnitude

|r(t)| = R t, |dr
dt

| = R

Note that a point which is a distance r from the center is encountered at t = r
R

on this path.

V (r) − V (0) = −
∫ r

R

0

E · dr(t)

dt
dt = −

∫ r

R

0

|E||dr(t)
dt

| dt = −
∫ r

R

0

q(Rt)

4πε0R3
R dt

= −1

2

q

4πε0R3
R2

( r

R

)2

= − qr2

8πε0R3

2


