Examination
“Elcetromagncetics and Numerical Calculation of Fields"

2. March 2004

11 Wnie down the narmes and units of E, D, P, J, B, 1, M {in tcrms of m, kg, s, A and V),
{7 Poings)

2)  Givenis the clectrc ok density:
D = 2-x+y)e, + (x+3ye, ) (Asian®)
Find the corresponding charge density p. {3 Perirats)

3} Consider the electrostatic point charge distribution of the fguce
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‘The x-¥-plane is perfecty electrically conducling and groundexl,
In the upper half space ¢, = 1.

4) Find the clectrostatic potential &(X, ¥, 2).
b) Determine the electric surface charge density ni{x, y) in the x, y-planc at z =0,
{10 Pointsy

4)  Given is a cylindrical metal tube with no charges inside,
a) What type of differenlial equation bas to be sulved for the clectne potential @ insice
the tubc?
b) What type of functions salve the equation {choose the best coordinate system)?
8 Poinrs)



6)

7

8)

Given is the electric current density (8 Points)
J[F]-fR%dz for 0sR=Ry
Jr)= o else

a) Determine the magnetic field strength Hfor 0sR==
b) Sketch H for 0=sR ==

a) Write down the sinusoidal plane wave solution of the wave equation for E and H
(two types of solutions, no losses),
b) What is the difference between the two types of solutions?
¢} Derive the frequency and the wavelength from the solution.
d) What is the phase velocity (mcaning and valuc)?
c) Derive the Poynting Vector S from these solutions. Explain the direction of S,
(12 Points)

a) Write down the general wave equation for conducting, dielectric and paramagnetic
materials,
b} What is the prerequisite so that we can reduce the equation 1o the case of good
conductors?
¢) How does the equation look like? What type of equation is it?
d) When can we reduce the equation to the lossless case?
(8 Points)

Give a sketch of the "computing molecule” (FDM) for the
a) wave equation
b) diffusion equation
Caption the axcs.
Mark the values that are used to calculate the next value.
How does it all start?
What do you do at the boundaries? (8 Points)

a) Give a sketch of Yee's lattice (FDTD).
b) What is the ingenious idea of Yee's lattice?
¢) How does the FDTD method proceed, step by step?
(8 Points)

10) What type of boundary conditions are implicitly used in FEM if nothing is specified

about the boundaries? (4 Points)
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1) Write down the names and units of E, D, P, J. B. H, M (in terms of m. kg. 5, A and V). J f')
L}
Answer:
E: Electric Field Steength in ¥/m
D: Electric Flux Density in As‘'m’
P: Electric Polarization in As/m?
1: (free) Electric Current Density in A/m?
B: Magnetic Flux Density or Magnetic Induction in Tesla = Vs‘m®
1: Magnertic Field Strength in A/m
M: Magnetization in Afm
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2) Given is the electric flux density:
D = (2(-x+y)e, + (x+3y)e, ) (As'm®)
Find the corresponding charge density p.

Answer:
~ 4 ald, p)
rﬂvn:d_&-c-—"-b 0{ I=243=1
ar dy iz
p=1Asim’

3) Consider the electrostatic point charge distribution of the ligure

-Q at(x1,0,z1]
+Q at{0,y,,23)

The x ¥ plane is perfectly electrically conducting and grounded. [n the upper half space e, = I.
a) Tind the electrostatic potential Q(x, y, ).
b) determine the electric surtace charge density n(x, y) the x, y-plane atz = (.

Answer:
a) We use the method of mirror charges:




Qy=-Q {=%€x+2
1 1= X€x+ 2182 harges
Qp = +Q: T = y2y +2282

Qa = +Q 2 = X8y - Z48
g 3 €y~ 28z images
Qy=-Q r4-yzey-22ez
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We find the electric surface charge density as the normal component of the clectric flux
density at the xy plane: -
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(A= surface normal unit vectors)
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4) Given is a cylindrical metal tube with no charges inside. : P
a) What type of differential equation has to be solved for the clectric potential @ inside J
the tube?

b) What type of functions solve the equation (choose the best coordinatee system)?

Answer:
a) A Laplace equation has to be solved:
Ap=0
b) The best choice for the coordinate system are cylindrical coordinates. The type of solutions
are:
sinhly2) £ coshlyz), sinfm)/ coslmip), T iR} NTR)
J,, and N,; Bessel/Ncumann functions




5) Given is the electric current density

- . i

=g, for 0sRsRy %\
aRp

Jifl= 0 else

a) Determine the magnetic ficld strength H for 0<R ==
by Sketch H for 0=R ==
Answer
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ap Write down the sinusoidal plane wave solubon of the wave cquation for E and 1 (two types
ol malulions, ms losses). '.1-}?

11 What is the dilTlerence belween the Iwo 1ypes of solutions? X



) Derive the frequency and the wavelength trom the solution.

dy What is the phasc velovily (meaning and value)?

e} Derive the Poynting Vector S from these solutions. Expiain the divection of S,
Answer;
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by The solution for the -kx case niwves to the right, the salution for the +kx case maves to the
lett,

¢} The phase velocity is the velocity of the wave-maxinm of 1 continuuus sinusotdal wave,
d) The Poyeting vector idirection of energy flow) shows inta the positive x-directiaon for the -
kx case and into the negative x-dirsction for the +ka case.

7) a) Wriec down the general wave equation for conducting, dieleetric and PATAMAg N1
malterils,

b) What is the prerequisite so that we can reduce the squation 1o the case s good vonductors?
<) How docs the equation look like? What Lype of EQUAtion: 5 it”? q i~

d) When can we reduce the equation o the Jossless case? l
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8} Give a sketch of the "computing malecyle” IFDM) fer the
a) wave equalion
b} diffusion ¢qnation
Claption the axcs. {
Mark the valucs that aze used to caleslate the next value
Huw does it al] start?
What do you do at the boundaries?
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The initial values in the lirst two lines of Lime muost be given.
Al the Tiirders the type of haundary conditior must be given- ¢.g. absorbing or ceflecting. T'his
way the "missing values" for the computing maolecule can he ealenlate:d.
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I'he initial vaines in the first line romst be given.
At the borders the type of boundary eondidgan must be given: e.g. absorbing or reflecting. This
way the “missing valves" for the computing molecule can be calculated.

) a) Gave a sketeh of Yee's Jattice (FDID). ap
B) Whal iy the ingenious idea of Yec's latdee? 1
¢}y How dues the TXTD method proceed, step by step? |

Answer:

) The "interlaced Tattices" for T amd H allow for an casy translation of Maxwell's equations
into an algerithm. The interlaced tGmesteps allow for a suceessive calculation of 14 and E from
the past.

¢) With "interlaced timesteps™ we can caleulate TI+12) from and H(t-192) and Bt} and we.
can calenlate Bt=1) From E{t) and H(t+1:2). Thcn we replace c+| by tand start ali aver again.

10y Waat 1ype of boundary conditions is tmplicitly nsed i FEM if nothing is specified aliaul 7
the Ixnundaries? Y l




Answer:
Nermunn haundary condittons, the nonmal derivative is zero,
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