
CYK/2007/PH 410/Quiz 1 Ele
trodynami
s I1. A sphere of radius R 
arries a 
harge density ρ(r) = kr (where k is a 
onstant). Findthe energy of the 
on�guration. [4℄2. A point 
harge q of massm is released from rest at a distan
e d from an in�nite grounded
ondu
ting plane. How long will it take for the 
harge to hit the plane? [3℄3. Consider a 
harge free volume V bounded by a 
losed surfa
e S that 
onsists of severalseparate surfa
es (Condu
tors) Si ea
h held at potential Vi. Let Ψ(x) be a well behavedfun
tion in V and on S, with a value equal to Vi on ea
h surfa
e Si, but otherwisearbitraty for the present. De�ne the quantity
W [Ψ] =

1

8π

∫

V
|∇Ψ|2d3xProve using variational 
al
ulus:

W [Ψ], whi
h is nonnegative by de�nition, is stationary and an absolute minimum if andonly if Ψ satis�es the Lapla
e equation in V and takes on the spe
i�ed values Vi on thesurfa
es Si. [3℄AnswersAnswer 1 The ele
tri
 �eld for the given 
harge density 
an be found by the Gauss law
E =















kr2

4ǫ0
r̂ r < R

kR4

4ǫ0r2
r̂ r > R

(1)Hen
e the energy is given by
W =

ǫ0

2

∫all spa
e |E|2 dv (2)
=

πk2

8ǫ0

[
∫ R

0

r6dr +

∫

∞

R

R8dr

r2

] (3)
=

πk2R7

7ǫ0
(4)AlternativelyThe Potential at any r < R is given by

φ(r) =
k

3ǫ0

(

R3 − r3

4

) (5)
1



And then the energy is given by
W =

1

2

∫ R

0

ρ(r)φ(r)4πr2 dr (6)
=

4πk2

6ǫ0

(

R3

∫ R

0

r3 dr −
1

4

∫ R

0

r6 dr

) (7)
=

πk2R7

7ǫ0
(8)Answer 2 From the method of images, the for
e on 
harge q is

F =
q2(−̂i)

4πǫ0(2x)2
(9)By Newton's Law,

mẍ = −
q2

4πǫ0(2x)2
(10)

ẋ =

(

q2

8πǫ0m

)1/2 (

1

x
−

1

d

)1/2 (11)(12)Integrating further, we get,
T =

πd

q
(2πǫ0md)

1/2 (13)Answer 3 For a small 
hange in fun
tion ψ, the 
hange in the fun
tional W is given by (tothe �rst order)
δW = W [ψ + δψ] −W [ψ] (14)

=
1

4π

∮

S
δψ∇ψ · ds−

1

8π

∫

∇2ψδψ dv (15)(16)The surfa
e integral vanishes, sin
e δψ = 0 on surfa
e. Hen
e δW will vanish for all δψif and only if ∇2ψ = 0.
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