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< Specify the magnitude and direction for a vector field

1. (8%,6%,6%) A metal sphere of radius R carries a uniform surface charge density o, and is set
spinning with angular velocity @ about the axis.

(a) What is the magnetic dipole moment m of the sphere?
(b) Find the approximate vector potential A at a point (7, € ) where »>R.
(c) Find the magnetic field B at a point (, € ) where > R.

2. (10%, 10%) A steady current loop is placed in a uniform magnetic field as shown in the figure.
The uniform magnetic field is B,Z .
(a) Find the magnetic field B at point P generated by the loop.
(b) Find the force F on the loop.

3. (10%, 10%) A long cylinder of radius R carries a magnetization M=M,z , where M, is a

constant.
(a) Find J, within the material and K, on the surface of the material.

(b) Find the magnetic field B due to M for points inside (» < R) and outside the cylinder
(r=R).
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4. (7%, 7%, 6%) An infinite long magnetic material tube (£,=1000) of inner diameter a=10 cm and
outer diameter D=20 cm is tightly wrapped with thin solenoid of 30 turns per unit cm, as shown
in the figure. The current per turn 7 is 1 A. [Hint: x4, =47 x107"]

(a) Find the auxiliary field H at the following three regions 0<r<a/2, a/2<r<D/2, and
r>D/2.
(b) Find the magnetic field B at the following three regions 0<r<a/2, a/2<r<D/2, and
r>D/2.
(c) Explain why the magnetic field B is discontinuous at the boundary » =a/2. [Hint: use the
boundary condition for B field.]

{ | ONON

5. (7%, 7%, 6%) Suppose the potential at the surface of a sphere is specified, V(R,,8)="V,cos’ @,
where Ry is the radius of the sphere and ¥} is a constant. There is no charge inside or outside the
sphere.

(a) Show that the potential outside the sphere.

(b) Show that the electric field outside the sphere.

(c) Show that the potential inside the sphere.

[Hint: use Legendre polynomials, P,(x)=1, P(x)=x, and P,(x)=(3x" -1)/2.]




1. Problems 5.56 + 5.58

(a)a = 7(Rsin0) = 7R sin? 0, dI =92 _ 2F(RsinO)Rowdf
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2. Problems 5.9 +5.10
(a) The straight segments produce no field at P.
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The two quarter-circles gives: %(l —%)Z
a

(b)

F,, =1 [(Bxdl)= I8, [(b ~a)i+ [ beosOx+sin03)d0+(b-a)y+ | a(cosfi-+sin ey)de}
— B, [(b —a)k— jo’”z b(cos 0% +sin 0§)d + (b—a)§ + jo’”z a(cos 0% + sin 9&)41’6?0}
= IB,[(b—a)X+(-b+a)X+(b—a)y +(-b+a)y]
=0

3. Problems 6.8 + 6.9

(a) J,=VxM=0, K, =Mxh=Mizxs§=M,g

(b) Use Ampere’s law for the solenoid-like bar magnet

$B-di= pl, Bl=u,lK,=ptM,, = B=pM, B=yMj for r<R

B=0 for >R
4.
(a) (j)H~dl =1, (integral form) H/{=nll, = H =nl=3000-1=3000 inz direction

for 0<r<a/2 and a/2<r<D/2.H field is uniform inside the solenoid.
H=0 for »>D/2. H field is zero outside the solenoid.

(b)

1-47x1077-3000-1=0.00377 T for r <5 cm
B = uH =1000- g,nl =4{1000-47x107-3000-1=3.77 T for 5<7<10 cm in z direction.

0 for»>10cm




(c) Due to bound surface current K

M =LB—H =(u,—DH and K, =Mxn
Hy
Boundary condition: B!

Blelibove B‘ll)elow = (ur - 1)luO

1y (K x10) = 21, (MxR) x0) = (t, ~ 1) 4, H

- Blllnelow :uO (K X ﬁ)

above

5. First midterm, note sin’6 = cos’ &

) V(R0 =V, cos’0
(a) Boundary condition {(ii) lim V(r,0)=0

General solution V' (r,0) =Y (4" +B,r"""")P,(cos 6)
=0

B.C. (ii) »> 4, =0

B.C. (i) - B,R,' + B,R,” cos@+ B,R;’(3cos’ 0 —1) =V, cos’ 0
BoRgl_%Bst:O Bz:%RgVo
BR>=0 ={B,=0
3B,R, =V, B,=1B,R;* =1

~V(r 9)—R3;/ 25 VOP( 0s )

3

(b) V(r,0)= ROV 30 0(3cos 0-1)

3
E——VV——a—Vf'—la—VG L RV°(3 cos’6-1) |F = RO 0( 6cosOsin6) |0
or r 06 32
3
E= [RZ Ry V 00 (3cos* O - 1)}r+{R°I/° (sin29)}9
3r r
(c)

Bound di () V(R,,0)=V,cos’ 0
oundary condition , ;;y lim 7(0,6) is finite.

General solution V' (r,0) = z (A" +B,r""")P (cos )
=0

B.C. (ii) — B, =0

B.C. (i) > 4, + AR} cos @+ AR, (3cos’ §—1)=V, cos’ 0
4, —5 AR =0 (4, =2RV,
SAR =V, =14=0

AR, =0 4, =3V,

W=

2
LV (r,0) =%+ o

r*P,(cos )



