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1} (20 points) We can model complex magnets by approximating their continuous,
arbitrary path (such as HSX coils) as a contiguous set ol filamentary sticks of a finite
fength. Consider the following diagram of one such “stick” of current in a evlindrical
system. Point P 1s a distance p out from the center of the scgment and Q is a distance p
{ercater than "a’) out from the origin on the axis of the segment. Use the Biot-Savart law
1o find the magnetic ficld at point P.
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Put these pieces together to set up the integral you need to evaluate  do not simplily here
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What is the value ol B at point Q7 Why?
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2) (20 pts) Annfinitely long circular wire of radius “a” (thick wirc) has a current
density that varies with radius from the center of the wireasJ =l ( 1 —r/a ) A/m- and
sero outside the wire.

Use Ampere’s Law to find the magnetic field inside and outside of the wire.
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What is the total current flowing in the wire?
2
T= W% A
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3} {25 points) A parallel plate capacitor is formed with two metal plates 30mm by 50mm
separated by a glass slab of the same area as the plates and thickness of *d™ . The relatiy e
permittivity of the glass is e~ 5. The upper plate 1s fixed to the glass and the lower plale 15

v

not. The mass of the lower plate 1s 0.01 kg.

a) First find the energy in the capacitor.
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adrent of the cnergy, find the minimum

voltage that should be applied between the capacitor plates in order for the lower plaic 1o
remain in posttion against the force of gravity 1f the thickness of the glass “d’ 1s 6mm.

(¢ 9.8 m's)
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4) {25pts) These are short answer questions. Be specific, but brief.

N2 0 ata point, what must be happening there?
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Is the relattonship I = o [ always true?
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What does V- B =10 tell us about magnetic field lincs?
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Write the expression for the pomt lorm of Ampere’s Law
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How do we find the current passing through a contour (™
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(ive three expressions for the energy density in the clectric field
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(nve three expressions for the dissipated power density with a conduction current
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Wrnite down the “simulanty relation” or “duality of | and D : Reststance-C'apacitance
Analogy™
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5 (10 points) Doc Brown finally realized his dream of the flux capacitor for powering
his Del.orean time machine. He needed to figure out the capacitance between this and the
rectangular box that was to enclosce it. Having taken ECE 220, he filled the box
containing the capacitor with salt water with a conductivity of 4 S/m and permittivity of
2. He then hooked up 4 power supply. voltimeter and ammecter and measured a current of
[kA when (he applied voltage was | mV. What did he determine was the capacitance
between his “flux-capacitor” and its rectangular enclosure?
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" Bonus Question (5 points): If we have a magnetic field given by B = 5% + 37 and an clectric field
| given by £ — 27, in which direction does a charged particle drift? BET n Ex dd‘tcﬂm

25 (sh+34) = 1o (xR )+ L (4
= ok -L¥

o )
N &
clt'?ec:&\ou\ (o\m‘{ UQE&NB "D\é ~-6x
\J\'S(:,

i

— -




