
CYK/2007/PH 410/Tutorial 7 Ele
trodynami
s I[Gri�ths℄ 5.8, 5.13, 5.15, 5.18, 5.24, 5.25, 5.27, 5.29, 5.36, 5.37[Ja
kson 5.1℄ Starting with the di�erential expression
dB =

µ0I

4π
dl′ ×

x − x
′

|x − x′|3for the magenti
 indu
tion at the point P with 
oordinates x produ
ed by an in
rement of
urrent I dl′ at x
′, show expli
itly that for a 
losed loop 
arrying 
urrent I the magneti
indu
tion at P is

B =
µ0I

4π
∇Ωwhere Ω is the solid angle subtended by the loop at the point P. This 
orresponds to amagenti
 s
alar potential, ΦM = −µ0IΩ/4π. The sign 
onvention for the solid angle isthat Ω is positive if the point P views the inner side of the surfa
e spanning the loop,that is if a unit normaln to the surfa
e is de�ned by the dire
tion of the 
urrent �owvia the right hand rule, Ω is positive if n points away from the point P and negativeotherwise.[Ja
kson 5.3℄ A right 
ir
ular solenoid of �nite length L and radius a has N turns per unitlength and 
arries a 
urrent I. Show that the mangeti
 indu
tion on the 
ylinder axisin the limit NL → ∞ is

Bz =
µ0NI

2
(cos θ1 + cos θ2)where the angles are de�ned in the �gure.[Ja
kson 5.6℄ A 
ylindri
al 
ondu
tor of radius a has a hole of radius b bored parallel to,and 
entered a distan
e d from, the 
ylinder axis (d + b < a). The 
urrent density isuniform throughout the remaining metal of the 
ylinder and is parallel to the axis. UseAmpere's law and prin
iple of superposition to �nd the magnitude and the dire
tion ofthe magneti
 �ux density in the hole.[Ja
kson 5.8℄ A lo
alized 
ylindri
ally symmetri
 
urrent distribution is su
h that the 
urrent�ows only in the azimuthal dire
tion; the 
urrent density is fun
tion of r and θ: J =

Φ̂J(r, θ). The distribution is hollow in the sense that there is a 
urrent free region nearthe origin as well as outside.1. Show that the magneti
 �eld 
an be derived from the azimuthal 
omponent of theve
tor potential, with a multipole expansion
Aφ(r, θ) =

µ0

4π

∑
L

mLrLP 1

L(cos θ)in the interior and
Aφ(r, θ) = −

µ0

4π

∑
L

µLr−L−1P 1

L(cos θ)outside the 
urrent distribution. 1



2. Show that the internal and external multipole moments are
mL = −

1

L(L + 1)

∫
d3x r−L−1P 1

L(cos θ)J(r, θ)and
µL = −

1

L(L + 1)

∫
d3x rLP 1

L(cos θ)J(r, θ)[Ja
kson 5.9℄ The two 
ir
ular 
oils of radius a and separation b of problem 5.7 
an bedes
ribed in 
ylindri
al 
oordinates by the 
urrent density
J = Φ̂Iδ(ρ − a)[δ(z − b/2) + δ(z + b/2)]1. Using the formalism of Problem 5.8, 
al
ulate the internal and external multipolemoments for L = 1, . . . , 5.2. Using the internal multipole expansion of the problem 5.8, write down expli
itlyan expression for Bz on the z axis and relate it to the answer of problem 5.7b
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