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Electromagnetic Theory II: Class Exam 1
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Instructions

o There are 6 questions on 7 pages.
e Show your reagsoning and calculations and always explain your answers.
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Physical constants and useful formulae

Permittivity of free space €0 = 8.85 x 10712 2 /Nm?
Permeability of free space g = 4o x 1077 N/A?
Charge of an electron e=—1.60x%107°C
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Question 1
A parallel plate capacitor consists of two conducting
plates separated by distance d. A linear dielectric, d/3
with permittivity €, occupies the middle third of the
region between its plates. A cross-sectional view of _ /3
the arrangement is as illustrated. The area of the
plates is A and the gap between the plates is suf- /3

ficiently small for them to be considered infinite in - — N —
extent.

F a) Suppose that the capacitor plates are equally and oppositely charged. The free surface
charge density on the upper plates is +o > 0 and on the lower plate it is —¢. Determine
D for all regions and use this to determine the electric field at all locations between the
plates.
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Question 1 continued . ..
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b) Determine the capacitance of thlS alrangement 4 g

&=CAV =h. G‘FA CAV
We awed AV =—jl:
Pm“\

quC Yo f”txts?‘mh.‘ol chw\

o009 S g D
AV= - [Edl - [Bdi —JEdI
1 I af

So e
hnec ABELE) o e

O ourside
- of % ouwtzide masena|
o be haezn P?é#e(

O’C% nside  makenad

A m
Rl 1
. ;
ofllﬁ =d22 |

/12



Question 2

A slab of material occupies the region 0 < z < w,
0<y<l, and 0 € z < h. The magnetization Wlthm h

the material is M = kzx where k& > 0.

a) Suppose that the magnetization were produced
by miniscule magnetic dipoles. Sketch some of ; ;

these dipoles and use your sketch to predict the
directions of the surface and volume bound cur-
rents.
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b) Determine expressions for the bound surface (on each surface) and volume current den-

sities.
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Question 3
A point dipole, with dipole moment p is placed in an electric fleld E = Eyz Z where Fg > 0
is a constant. Which. of the followmg (choose one) is true about the force F exerted by the

7
 field on the dipole? PV SR, N __A___.____..___._._._ e
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Question 4 \ ' ox # 0O ,
A rectangular piece of linear ma,gnetm material hds a surface in the ay-plane. There is free
space above the surface. The magnetic field. immediately above the surface is Bapove = B
where B > (. There is a surface current in the surface along +§. Which of the following
{choose one) is true about the magnetic field immediately below the plane, Byelow?

below z = 0 and Bbelow y = 0.
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Question 5

A coaxial arrangement consists of two cylinders separated
by a region filled with a linear magnetic material with mag-
netic susceptibility y,,. The inner cylinder has radius @ and
the outer cylinder has radius b. The inner cylinder carries
a uniformly distributed current I flowing out of the page.
The outer cylinder carries a uniformly distributed current [
into the page. Determine the magnetic field B, in terms of
I, Xm, o, and radial distance, at all points beyond the inner

cylinder.
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Question 6
Two cylindrical conductors are concentric and arranged as illustrated
(viewed along their axis). The radius of the inner conductor is ¢ and
of the outer conductor ig b. The fields i the gap are

E——s and B—ﬁ‘

where o, # > 0. Determine the direction of flow of electromagnetic
energy in the region between the cylinders and determine the total
energy that flows per second through a closed cylindrical surface,
whose axis is along that of the conductor’s axis and which has radius
a < r < band length L. Note: The cylinder has three surfoces.
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