Examination
“Electromagnetics and Numerical Calculation of Fields”

March 8, 2004 -

1) Write down the material equations, that combine E with D, B with H and J wilth
E. 8zart with the mast gancral exprassion, then simplify for lingar and isotropic
mazerials. Give the units at all fisles: E, D, B, H, «. (10 poinis)

Answer:
General case Linear isotropic material
D-rE+P D=g.gE
B=p, [H+M) B=pngH
J=rE+J JowE
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2} How can you find the clectric potential & of an arbitrary charge distribulion
pix.y,217
Whal lype of equation has to be solved?
Give an explicit solutien that carn be ransiated ta a numerical algerithm.
{3 paints)

Answer:

el ¥

A
Paisson Equation:

The explicit solution is given by the Coulomb potential:

R T L
oif = g Ml
The Coulemb integral e ! can be lranslaled into a

numerical lgorithm.

3) What is the definition of the Green's Fungtion ¢f a Dirichlet Prablam?
How ¢an we tind the electric potential if we know the Green's Function?
Green's 1% law is
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(4 paints)

Answer:

. . . Gpifl]
The Green's Function of a Dirichlet Problem “04 0
beundary problem:

AG[f.i]==8(F - 7,] and Gy =0 on the boundary.

solves the following
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4} Anirfinitely long straight conduclor is hounded externally by & crrcular cylinder
of radius a and internally by a circular cylinder of radius b, The distance
between centers s ¢. with a=b+¢, The internal cylinder is hollow. The
sonducter carrics a steady current | uniformly distributed over the ¢ross-
section. Show that tha field within the cylindrical hole is

{12 points)

Answer:
Tha problem domain can be cecomposed inte wo conducting cylindrical

domains with opposite curvent densitios of equal magnitudes J and J ag
snown kelow.
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A superposition of these two domains is equivalent Lo the original prablem,
The magnilude of the curenl density is computed as

J-

Accarding to Maxwall's equation rotH = j_. magnetic field inside a conducting
cylinder iz given by

1
H=—JR
2 —
The direction of H is taken inte aszount by a vector product:

H:%Jxﬁ




Now. consider the superpesiticn of two domains and compute the magnetic
HR) =HalR} +Fy [R']
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The resulting exprassicn gives both magnitude and direclion of the unknown
magnetic fielc H,

5] How can you find the total magnetic field energy of a system of N currant
carrying wires {electric currents Iy, Iz, ... 14)? (3 poinés)

Answer: )
(k11 Lyetih?

1 . 1. )
Wir = 5 2 2o Lidik = 5l iy |
1Lyt Ly ik

L, = sel-inductance
L;= mutual induczance

6) a)How can you find the mutual inductance M betweon twe 100ps? (2 paints)

Answer:

Bmap=h-Lyg=1-M >M"'@
or 1
Pragr=lz-kpr=l; M= M L"I_:a
Liz =Lz =M

iR}

112 flux created in loop t and measured in loop 2
Pmz1 flux created in loop 2 and measured in laop 1
ly. currentin loop 1
I2: currens in loop 2




7)

by M will be a function of vector 1y, botween the centers of the two loops
M=tA(r-2). How can you caloulate the force between the two loops if Mir-2) is
given? {2 points)

Answer:

Magnetic field energy of the system:
. 1 : g 1

W= 5 L1 B+ W sLez 15

F = ~gradWiy, = -laredmiy , )

Given is a harmonic plane wave, where E is polarized in Xy-plane and the
direction of propagation is €x.
a) Write down the non-zero components of E und H. {2 puints)

b} Give the relation batween E and Hin case of the free space. computa ils
numerical valua and give its dirmension. {3 poinis)

¢] Derive the Poynting vector. Hint: Take real pats of Eand H. (1 point)

) Using the result of b) ang c), compute lhe mean anergy flow Sin VAIM® a8
a function of E;, where E,is the amplitude of e alectric field.
Shaow that
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d)
Mean value of cos®:

T
1 2 1 2m
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a} What type of ditfereatial equation for El:-r't*l and Hi it is valid insice a

waveguide? (2 points)
b) What is the recommended approach to translate this equation into a

cilferential equaticn for Eqlx¥i,
{cartesian coordinates, propagation in z-direction) {3 poiits)

c} What is the recommended approac)h to solve tnis differontial equation for

Egix }’ {3 points)

d) What is tha "mode” of a piopagating wave ir & wavequide? (2 points)
Answer:
3) The classical wave eguation far ime harnioeic case is valic:
AE+wduE 0
AR+ 02peH =0
2}
E=E E, l'x. y'] it kel
- 2 2 c
AE JT' |\,“1E \'XYE kZE
= ¥ xyga { x,y;- + | m"pr k22 |Ec (x y:]- 0
¢) Separslon of vadables, e.q.
E,=E; sinltk x\lsinllk v|

d] Due to the boundaly L,undnluon:. only specific values for ky and k, are
possible. They are numbered, One par of numbers is one mode.




8} Given s a uniform rectangular 2D-Grid. The grid step in x- and y-direction is h.

&) Translate the Laplace equation into finite difference apgroximalion using
cenlral dilference ‘ormula. 2 points)

Answer:

Wi =1 = 20{ I+ D= 11 BiLj+T—2ep(i,jj - wfij-1]
Ll ; e L ~ =0
h He
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b) Translate Dirichle: conditicn |’< g 9
b EU
173
and Ncumann condition y=0 into
their finte difference equivalents. {2 paints}
Answar,
D{0,j1= VY,

{id]- .0}~ -hE,

10) Translate the following Maxwell equation inlo a linear egualior: using the
Finite Integration Technique:

= B
Eds - - [[Zda
JEas--][5
{2 paints)
Answer: '
a-(ELf K +E ik - ELiLi + kI -E ik -1 - o®B,fijk)
q: side length of the grid




