
CYK/2007/PH 410/Tutorial 8 Ele
trodynami
s I[Gri�ths℄ 7.8, 7.11, 7.16, 7.22, 7.26, 7.38, 7.41,7.52[Gri�ths℄ 8.2, 8.4, 9.9, 9.10, 9.12, 9.13, 9.15,AnswersG7.8 (a) Flux through the square loop = µ0Ia
2π

ln
(

s+a
s

).(b) emf = µ0Ia2v
2πs(s+a) . Current �ows 
ounter
lo
kwise in the �gure.(
) emf = 0.G7.11 Emf in loop E = Blv. Current I = Blv/R. Upward for
e on loop = IlB = B2l2v/R.Then the equation of motion is

m
dv

dt
= mg − B2l2v

R
.Upon solving,

v =
mgR

B2l2

(

1 − e−αt
)where α = B2l2

mR
.G7.16 (a) Suppose 
urrent in the inside wire is in k̂ dire
tion. The magneti
 �eld is 
ir
um-ferential. Thus ele
tri
 �eld is in k̂ dire
tion.(b) E(s, φ, z) = µ0I0ω

2π
sin(ωt) ln(a/s)k̂.G7.22 Flux through single turn = µ0nIπR2. In one unit length n su
h turns. The total �ux

= µ0n
2IπR2. Self Indu
tan
e = µ0n

2πR2G7.26 (a) Indu
tan
e per unit length = µ0n
2πR2. Energy per unit length W = 1

2LI2 =
µ0n

2πR2I2/2.(b) W = 1
2

∮

(A · I)dl. Now, A = (µ0nIR/2)φ̂ on the surfa
e. Then W = 1
2 ((µ0nIR/2)I(2πR)(
) W = 1

2µ0

∫

B2dτ . Now, B = µ0nI inside and zero outside. Take a volume with oneunit length along the axis. Then W = 1
2µ0

(µ0nI)2πR2.G7.38 The �gure shows a hemispheri
al surfa
e. The 
urrent through the surfa
e is I =
∫

J.da = σ
∫

E.da. Here σ is the 
ondu
tivity of the matierial. The surfa
e 
an be
onverted a 
losed Gaussian surfa
e by 
losing it in the 
ondu
tor, where E is zero.Thus I = σQenc/ǫ0. Where Qenc =
∫

σeda. However, (From eq 3.77) σe = 3ǫ0E0 cos θ .Here E0 = V0/d. Thus I = 3σπV0a
2/d.G7.41 The potential:

Vi(s, φ) =
∑∞

k=1 cks
k sin(kφ) s < a

Vo(s, φ) =
∑∞

k=1 bks
−k sin(kφ) s > a
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Cosines will not 
ontribute sin
e the potential fun
tion is odd on the surfa
e.At s = a, Vi = Vo = V0φ/2π. Thus
ck =

V0

2π2ak

∫ π

−π
φ sin(kφ) dφ =

V0

2π2ak

[

−2π

k
(−1)k

]

bk =
V0a

k

2π2

∫ π

−π
φ sin(kφ) dφ =

V0a
k

2π2

[

−2π

k
(−1)k

]then
Vi(s, φ) = −V0

π

∑∞
k=1

1
k

(

− s
a

)k
sin(kφ) =

V0

π
tan−1

(

s sinφ

a + s cos φ

)

Vo(s, φ) = −V0

π

∑∞
k=1

1
k

(

−a
s

)k
sin(kφ) =

V0

π
tan−1

(

a sin φ

s + a cos φ

)G7.52 A point on the lower loop: r1 = (b cos φ1, b sin φ1, 0)and a point on upper loop: r2 =
(a cos φ2, a sin φ2, z). Then

r2 = (r1 − r2)
2

= a2 + b2 + z2 − 2ab cos(φ1 − φ2)

=
ab

β
[1 − 2β cos(φ1 − φ2)]

dl1 = bdφ1φ̂1 ; dl2 = adφ2φ̂2. Then dl1 ·dl2 = ab dφ1dφ2 φ̂1 ·φ̂2 = ab dφ1dφ2 cos(φ1−φ2).
M =

µ0

4π

∮ ∮

dl1 · dl2
r

=
µ0

4π

ab
√

ab/β

∫ ∫

cos(φ1 − φ2)
√

1 − 2β cos(φ1 − φ2)
dφ1dφ2With some simpli�
ation

M =
µ0

4π

√

abβ

∫ 2π

0

cos u√
1 − 2β cos u

duIf a is small 
ompared to b and z, then β << 1. Use Binomial theorem to obtain resultsgiven in the book.G8.2 Dis
ussed in 
lass.G8.4 Let the positive 
harge be at (0, 0, a) and the negative 
harge at (0, 0,−a). The tworegions are z > 0 and z < 0. To �nd the for
e on the positive 
harge we will 
onsiderthe region z > 0. The Maxwells stress tensor is given by Tij = ǫ0(EiEj − δijE
2/2), sin
ethis is ele
trostati
 
ase with no magneti
 �eld. Thus on z = 0 surfa
e, E(r, π/2, φ) =

(0, 0, Ez) Where Ez = 2qa

4πǫ0(r2+a2)3/2

T =







−ǫ0E
2
z/2 0 0

0 −ǫ0E
2
z/2 0

0 0 ǫ0E
2
z/2






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Now the for
e on the upper region is given by F =
∮

s T.da . Sin
e da = −rdrdφk̂, thefor
e is
F = −

∫

Tzzrdrdφ

= −1

2

(

2qa

4πǫ0

)2

ǫ0

∫

rdrdφ

(r2 + a2)3

= − q

4πǫ0

1

4a2G9.9 (a)
E(x, y, z, t) = ẑE0 cos(

ω

c
x + ωt)

B(x, y, z, t) = ŷ
E0

c
cos(

ω

c
x + ωt)(b) k = ω√

3c
(1, 1, 1) and n = 1√

2
(x̂− ẑ), Thus k × n = 1√

6
(−x̂ + 2ŷ − ẑ).

E(x, y, z, t) = E0 cos

(

ω√
3c

(x + y + z) − ωt

) (

x̂ − ẑ√
2

)

B(x, y, z, t) =
E0√
6c

cos

(

ω√
3c

(x + y + z) − ωt

)

(−x̂ + 2ŷ − ẑ)G9.10 Pressure P = I/c = 4.3 × 10−6N/m2.G9.12 E(x, y, z, t) = x̂E0 cos(ω
c
z − ωt) and B(x, y, z, t) = ŷE0

c
cos(ω

c
z − ωt). Thus,

Txx = ǫ0

(

ExEx − 1

2
E2

)

+
1

µ0

(

−1

2
B2

)

=
1

2

(

ǫ0E
2 − 1

µ0
B2

)

= 0Simillarly for Tyy = 0. And
Txx = ǫ0

(

−1

2
E2

)

+
1

µ0

(

−1

2
B2

)

= −1

2

(

ǫ0E
2 +

1

µ0
B2

)

= −uG9.13G9.15 If the given equation is true for all x, the derivative of the equation is also true at all
x. Then

A + B = C put x=0
aA + bB = cC di�erentiate and put x=0

a2A + b2B = c2C di�erentiate twi
e and put x=0For non-trivial solution for A,B and C, the determinant of 
oe�
ients must be zero.This qui
kly gives a = b. In addition all A,B and C must be nonzero gives b = c.
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