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Exam NS-251B Electrodynamics, June 2008

Duration: 3 hours

Open-book exam: no

Formula sheet: yes, 1 obtained with test, 1 prepared by you {1 A4)
Use of calculator permitted

Grading as indicated in problems

Please give your answers to problems 1, 2, and 3 on separate sheets. Don’t forget to put
your name on all sheets!



Problem 1 [totaal 35 p]

A toroidal coil consists of a circular ring (“a bike tire”) around which a long wire is
wrapped. The radius of the ring is denoted by Ry, the number of windings by N. The
windings are closely wrapped and have a circular shape with radius R,. The coil is
positioned in vacuum and carries a (free) current 7. Half of the coil is shown in the figure
below. We recommend using spherical coordinates in this problem.

4

1

R;

a) [5 points] Give all symmetry properties of this current distribution. What is the
consequence for the direction of the B -field?
b) [7 points] Calculate the B -field everywhere in space

The coil is now filled with a ferromagnetic material with relative permeability 1 . The
current / is sufficiently small to keep the properties of the material linear.

a) [8 points] Calculate first the FI -field everywhere in space and subsequently the
B’. -field.

b) [7 points] Caiculate the magnetization M of the ferromagnetic material within
the cail.

c) [8 points] Calculate the bound current densities jb and 1-(.,,. How large is the

total bound current on the surface of the ferromagnetic material? Calcuiate the
ratio of this current and the total free current (on the surface of the ferromagnetic
material).



itive

iona
is no
f the

.

iangle has

ition o

is a pos

+

| field with the
0 to z=L and the

le. The tri
may assume there

Bx (B
glected. The pos

ona

t from z

—

t=0 in the gravitat

field, B

dicular to the gravitat

riang

ic

let go at time
is presen

leis
t can be ne

field
d by the lower corner of the t
ircui

IC

.

is perpen

.

lateral triang

rmine
, total resistance R and mass m. You

dete

circui

to the paper. The magnet

in the form of an equ
field exactly above a constant homogeneous magnet
ion in

ircur

constant). The magnetic field
friction and the self induction of the ¢

direct

position of
the height a (a < L)

Problem 2 [totaal 25 p]
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Opgave 3 [totaal 40 p]

A mono chromomatic plane wave in vacuum (E,(z,0) = E, e+,
ﬁ, (r,0) =l(!1 ; xﬁl,)) approaches the interface of medium 1 perpendicularly (z=0 -~

see the drawing). The medium is a linear homogenous Ohmic conductor (J =agkE).

We denote the permittivity, penneablllty velocity of light and refractive index of
medium 1 with, &, 14(= 14,), v\, n,. &, =8,85-10"C*/Nm? and u, = 47107 N/AZ.
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The Maxwell equations can in medium 1 be written as:
(M) V-E=p% (i) V-B=0
|
B . oE
(iify VxE =—-§ (ivy VxB =,uoa'E+,u°e,E

a) [2 p.] Explain why p, normally can be neglected.

b) [5 p.] Determine the wave equations for the E en B fields in medium 1 (hint:
determine the rotation of (iii) and (iv)). Show further that the plane waves

E(Z, ’) = Eue—nei(k—m)’ B(Z, r) = ﬁoe—xzei(h—m)
with

oo (] o2

Are solutions to the wave equation for the E and B fields.



c)

d)

g)

h)

[5 p.] Determine the skin depth, d s%{. for a good conductor [i) > 1 and for
£

a poor conductor[—a—J 1.
EW

[5 p.] Determine the reflected wave (hint; don't forget the phase jump of 7 for n,
>n).

[5 p.] Determine the position of the maxima and minima for (E’) as a function of
the distance to the interface for z<0.

[5 p.] Determine the reflection coefficient R (= 7 /1))

[5 p.] Determine the transmitted fields (don't forget the phase difference between
E,and B, ).

[5 p.] Determine the Poynting vector as a function of z for z>0.

[3 p.] A microwave oven uses a frequency of 2.45 GHz. A roast beef has, at this

frequency, a value of % =50 and o=2Q"'m". Determine the skin depth
[

and the transmission T. An infrared oven has a wave length of 1 mm
ando=2Q"'m"also at this wavelength; does it matter whether you use an

infrared oven or a microwave oven? How would you suggest the “chef” in the
family to prepare a roast beef?
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VECTOR IDENTITIES
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FUNDAMENTAL THEORFMS
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