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Quiz 2
Fall 2009

Notes:

1. Please read over all questions before you
begin your work. There may be some
information in a later question that helps you
with an earlier question.

2. For short answer questions, you may add some
comments to justify your answer.

3. Make sure your calculator is set to perform
trigonometric functions in radians & not degrees &
use 4 significant digits.
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Name

Section

1. (12 Pts)
2. (12 Pts)
3. (5 Pts)

4. (26 Pts)
5. (20 Pts)

6. (25 Pts)
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MULTIPLE CHOICE AND SHORT ANSWER QUESTIONS

1. Magnetic Fields (18 points)

A square magnetic core is made with and without a gap, as shown. Both cores are made
with a standard magnetic material such as soft iron and all dimensions and windings are
identical, except for the gap. The saturation field for the core material is Byax. The
effective length of the core in both cases is approximately I; and the gap size is l5. The

. | :
permeability of the core s >> p, so that = << —-. The cross-sectional area of the core
Mo,

materials is A.
a. (4 pts) Which of the two cases will have the larger inductance L?

b. (4 pts) Which of the two cases can store the largest energy?

c. (4 pts) Which of the following statements are true? Circle the letters of the
true statements.

I. The force on the gap is in the direction to reduce the gap spacing .

i. The force on the gap is inversely proportional to the area of the gap.

iii. The force on the gap is inversely proportional to the gap spacing .

iv. The force on the gap is proportional to Bmax
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2. Boundary Conditions (12 points)

The boundary conditions for E fields, B fields and current density J are essentially
identical at tP|1e interface between two materials. I

& o, Hy

S

04 04 04

Consider the three cases shown above with ¢ > &,, o, >>> o,and g4 >> 4,.

a. (6 points) Given that the angle is « in the lower region in each case, determine the
corresponding angle £ (relative to the normal) in the upper region.

b. (6 points) Now assume the two materials, for each case, are found between
conducting contacts at the top and the bottom as shown. Determine the
capacitance, resistance and inductance. Note the voltages and currents for each
case. The inductor case has currents directed right and left. The width and depth
of the plates is w, and the separation between the plates is d.

V \
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3. Cultural Question (5 points)

These objects were created by Scott Amron a couple of
years ago. Explain what he had in mind in each case.
(source: http://www.dielectric.org)
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4. Electric Field and Capacitance (24 points)

This problem addresses several aspects of electric fields in the context of the small
cantilever beams used in accelerometers. A generic cantilever beam is shown below
along with a diagram showing how the capacitance of the beam can be used to measure
its motion.

Clamp L

¢ /// Unloaded Beam | ¢4
w4, x

Loaded Beam

¥
——

The problem considered here is inspired by these figures, but the configuration is rather
different. Assume that there is an approximately parallel plate capacitor structure that has
a movable element in it (like the cantilever), with the following geometry.

1 2 3

Note that a section of the top electrode opens up, which mimics the changes that occur
when the top electrode is a cantilever beam. A DC voltage is applied to the top electrode.
The insulator is air (or the beam would not be able to move) and the total dimensions of
the structure are 0.3mm by 0.3mm.

Fields and Waves | Quiz 2 Fall 2009
K. A. Connor 9 November 2009
5



Rensselaer | ==

Department of Electrical, Computer, & Systems Engineering —
A spreadsheet is used to determine the potentials for these three configurations. The
arrays for each case are shown on the following pages and the voltages for the cells just

inside the left, right, and bottom boundaries are listed, along with their averages.
(Labeled A, B and C)

a. (5 points) Before using the spreadsheet data to find the capacitance, first
assume the capacitor is an ideal parallel plate configuration and find its
capacitance per unit length from its dimensions and insulator properties.

b. (12 points) Now, use the information from the spreadsheet solution to
determine the capacitance for each of the three cases, C;, C; & Cs.

c. (4 points) Discuss the differences between the three capacitances. That is,
which one is largest and why, etc.
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d. Gauss’ Law (3 points) For the three configurations, two Gaussian surfaces
(shown dashed) are used to evaluate the flux integral from Gauss’ Law

fD-as.

la
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For the six distinct cases, put the flux integrals in order from largest to smallest. If some

are equal, indicate that too.
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5. Gauss’ Law and E Fields (20 points)

A cylindrical charge distribution is given by p,(r) = p, for 0<r<a; p,(r) = - p,, for

a<r<2a;theregions 2a< r< 3aand 3a< r < « are charge free; and there is a surface
charge density at r = 3a so that the total charge per unit length is zero.

a. (8 points) Determine the total charge per unit length Q; in the region

0< r < a; the total charge per unit length Q. in the region a < r < 2a; and
the surface charge density p; at r = 3a.

b. (8 points) Determine the electric flux density D(r) for all values of .

c. (4 points) Evaluate the electric field E(r) = E(3a)at r = 3a.
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6. Inductance (25 Point )b

VAN A

LA

Consider the two cores shown above. For both cases, the depth into the page of each part
of the core is equal to w. For the one at the left, three legs have the same thickness b with
the fourth having a thickness c. For the one at the right, again, three legs have the same
thickness b. However, the 4™ leg is more complex.

a. (5 points) Determine the reluctance, the flux and the inductance of the
configuration at the left. Also, draw the magnetic circuit diagram.
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b. (5 points) For the configuration at the right, let is do this in more of a step-
by-step process. First determine the reluctance of the core with the section
of length d removed.

c. (5 points) Next determine the reluctance of the air gap.

d. (5 points) Now, the more difficult task, determine the reluctance of the
tapered cap, which is shown again below the main figure to make the
dimensions clearer. Double this value to get the total reluctance of the
caps.

e. (5 points) Finally, determine the total reluctance, the flux, and the
inductance of this configuration and draw the magnetic circuit diagram.
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