PHYS2310 (
[Griffiths Ch. 4-6] 2006/01/10, 10:10-12:00am,

1. (4%, 4%, 4%, 4%)

() Write down and prove the boundary conditions of D using the divergence theorem and
Stokes' theorem.

(b) Write down and prove the boundary conditions of H using the divergence theorem and
Stokes' theorem.

At the interface between a metal and a linear dielectric  dielectric (g, =4 and [,=2)

(whose parameters are shown in the figure),

(c) writedown E_., Eiy,,, E!

above? above!

of surface charge o ; metal (11.=1)
, : r
(d) writedown By,., Biyoys Blioer adBl,,, interms
of surface current K, .
[Assume that the magnetic field is generated by the surface current.].

S— N - s |} Q—

and E},,, interms

2. (6%, 6%, 5%)
(@ Find the magnetic field a distance z above the center of acircular loop of radius R, which
carries a steady current I. “1
Helmholtz coil: a convenient way of producing uniform field. e
(b) Find the magnetic field (B) along the z axis as a function of z. ,f~ 1
(c) Show 0B/dz iszero at the point midway between them. Ll

[Hint: Use the coordinate defined in the figure.] o — o
0=
I il [

3. (3%, 3%, 5%, 5%) If J, =0 everywhere, the curl of H vanishes, and we can express H asthe
gradient of ascalar potential W: H=-VW.
(a) Show that VAW = (V-M). [Hint: use the divergence of H].
Consider a uniformly magnetized sphere (M = Mz) of radius R.
(b) Writedown Wintheregions r <Randr >R where V-M =0 using Legendre
polynomial.
(c) Write down the boundary conditions, and determine the coefficient.
(d) Find the magnetic field B outside of the magnetized sphere.



4. (3%, 4%, 4%, 4%, 4%) A metal sphere of radius a carries a charge Q. It is surrounded, out to
radius b, by linear dielectric material with susceptibility y, .
(a) Find the electric displacement D intheregions r <a, a<r <b, andr >b;
(b) Find the polarization P intheregions a<r <bandr >Db;
(c) Find the bound volume charge p, and the bound surface
charge o, inthedielectric material;
(d) Find the electric field E in the regions r <a, a<r<b, and
r>b;
(e) Find the potential on the surface of the metal sphere relative to
infinity.

5. (8%, 8%) A long cylindrical conductor of radius R carrying a uniform current
density Jo in the z direction (pointing outward) has a cylindrical hole of
radius a along its entire length, as shown in the figure. The center of this
hole is offset from the center of the conductor by a distance d.

(a) Find the magnetic field B outside the conductor.
(b) Find the magnetic field B at any point inside the hole.
[Hint: Express B in the vector form and use the principle of superposition.]

6. (8%, 8%) A bar magnet of radius R and length L is magnetized with a uniform
magnetization M in the z axis as shown in the figure.
(@) Find the bound volume current J, inside the magnet and the bound
surface currents K, on both ends and the cylindrical surface.

(b) Find the magnetic field along the z axis. Use the technique similar to that
of the solenoid and express you answer intermsof 6, and 6,.
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JT

In the diagram only the z-component of (dl'x ) survives.
z-component of (dl'x ) = dl’ cosd = Rcosédg
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(d) Determine d such that °B/6z° =0 at the midpoint, and find the resulting magnetic field at the

center.
’B(2) _ 3uIR’
0z 2

i[z(R2 + 27" +(z-d)(R* +(z—d)*)*?]
0z

— 5 [(RZ+22)—5/2_522(R2+22)—7/2+(R2+(Z_d)2)—5/2_5(Z_d)2(R2+(Z_d)2)—7/2]



0’B(d/2)  3u,lR?

(R2+(%>2)7’2[2(R2+(%>2)—5(%>2}

oz? 2
o?B(d/2) . d d
TZO, l.e. ((R2+(E)2):5(E)2j = d:R
3.
B 1
(@ V-H=V.(—M)=—V-B-V-M=-VW = VW=V-M
Ho Ho

W, (r,0) :iAr‘Fz<cose)
(b) VAW =0forr<R and r >R =
W, (r,0) = z B,r “*’P,(cosd)

W, (R, 9) W, (R.6)

(© 1 W, (r.0)| AW, (r.0)|
or |r=R or r=R

=M cos(0)

A[ R(’ — Bé R—((’-HI.)

i(—m R™+(¢+1)B,R"*?)P,(cosd) = M cos(6)

=0

:L{ AR=BR? :{A=M/3

(-A+2BR®)=M B = MR*/3
(#1, A=B,=0
3
(@ W (r.6) =% L cosg
3
3 3 o
BOUt(r’e):_IUOVWout_ M; (Ag e_)_COSH Ho M; (f2i0389+93rn39)

V\lmz%rcosez%z = Bm(r,H):yo(—?Wm+M):§y0Mi (reference)

4.
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@ E=— P2 — E@asrsh=— 2§ Er>b=—2 F
A+ r.)e, 4rr 1+ y.)e, Arr‘g,

b a
e) V(r=a)=—| E-d/—| E-dl=—— )+ —= (=-=
© VI ) L Ib 4re, (b) 47z(1+;(e)ao(a b)
(f) Find the electrostatic energy of this configuration.

5.

(8 Outside the conductor: Use the principle of superposition B=B, +B,
Consider a conductor of radius R carrying a current density J=J,z,
and another conductor of radius a carrying a current density J=-J,z.

2 2
Bl=ﬁ2><f', and BZ:—/JOJ—Oaixf'l: 'UOJO ZX(I’ d)
2r 2, 2r,
2 .2 2
B:'UO_‘J0 [i—a—]ixf“+a—ixd
2 ron rn
(b) Inside the hole
Blzﬂo—\]orixf‘ uOJoixr,
2
Bzz_ﬂo‘]orl"xf.l__ﬂo‘]oi rl_/uo 0 7x(d-r)
2 2
B:ﬂoz‘]oixd

6.

(@ J,=VxM=0 insidethe magnet.
K, =Mxi=Mg¢ on thesurface of the cylinder.
K, =Mxn=Mzxz=0 on both ends.

Uy ¢ KxF My  KxTF
b) B(r)=->|——da= 27 Rdz,
(b) B(r) 47r-[ r? 47[J- r?

It is azimuthal symmetric, so only the z conponent survives dB,
r = Rsecd, z=Rtand, dz= Rsec’ 6dé,

Msing

dB, = Lo 7, 27R Rsec? 0d6 = ‘;Olvlsnede

? Ar R°sec

6 U . M,
B, = '[92 70 M sin@dé =?° M (cosé, — cosb,)



