1) A cylindrical particle beam of radius a is made up of electrically-charged particles traveling
with a speed v (along the direction of the longitudinal axis). The volume charge density of
particles within the beam is given by p(r) = po (£)". (r is measured in cylindrical coordinates
and 7 is a positive integer)

» 1a) (5 points) Consider the little sub-volume shown in the diagram. In terms of the
quantities you've been given, how much charge i3 contained within that sub-volume?
How long will it take for the charge in the sub-volume to pass through the reference
plane? How much will the sub-volume contribute to the current flowing in the beam?
From your answers, determine the current density associated with the beam.
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o 1bj (10 points)  low wuch current passes through a cirenlar loop of radius r if that
loop is oriented perpendicular to the beam and is centered on ity longitudinal axis?
Solve tor both r < @ amd v > a. (1€ you didu’s solve the first part, use J = Jy (£)).
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» 1c) (10 points) Find the magnitude and direction of the magnetic field at points
inside and outside the beam, assuming the charge carriers are positive.
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2) The diagram above shows a long, straight wire that carries an electrical current { and a
rectangular conducting loop of side lengths a and b and resistance R. The loop and the wire
are both contained in the plane of the page, and the loop is moving away from the wire {ail
the time, in the plane of the page) with a velocity 5. You may use y to paramaterize the
«listance between the wire and the closest side of the loop at any instant.

s 2a) (15 points)  Find the magnitude and the direction of the induced EMF and the
induced current around the conducting loop. Explain, as clearly as you can, how the
directions you’ve obtained are cousistent with Lenz’s law.
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o 1d) (5 points) What force will a particle of charge -+¢ experience if it is located a
distance 7 from the longitudinal axis of the beam? What implications does this have
for the beam?
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o 2b) (10 points) Find the magnitude and the direction of the external force that is
responsible for maintaining the constant velocity of the conducting loop.
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o 2c) (5 pumts)  The external agent that is pulling on that loop is obviously doing
work. Wherc is t nergy going, if not into clmngm;, the kinetic energy of the loop?
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2} An {nductor (1) and a resistor (R} are connected in series across a source of alternating
EMF (£(t) = EmazCOS (wt)). You may do the following calculations in complex space, bug
Tcep in mind, the final answers must 1l be real.

« 38) (10 points)  What is the impedance of LR combination? What is the amplitude

of the eurrent that passes through it? Does the current through this impedance lead
or lag the voltage across it? By how much?
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« 3b) (10 points) What is the voltage amplitude across the resistor? What is the
voltage amplitude across the inductor? Will the sim of these voltage amplitudes equal
the voltage smplitude of the source? Explain.
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e 3c) (10 points)  For a lot of good reasons, it is often desirable to present the source
with a purely resistive load. We can tune-out the reactance in the LR network by
adding a capacitor in parailel with it (across the two dots in the circuit). What value
should the capacitor have? What will be the value of the impedance seen by the source?

Will current through this new LRC combination lead or lag the voltage across it? By
how much?

Fom, - Tody the ivpedance dagioam n paso 2> lee dpre oo starto,

e wank ..

PR, —\—— i
X Zp
My . .
S - (/att a
ouk im(;ﬁ = Zin LY )
Ton C
My o b
b

wWe =

w R (i)™

Y= ny, nd

= | C= ppo®

_ R len”
T TR

“he. load 1o EBTHUE
Costeal Wil be W

kh the ) _
0%’ £ s Lkl C’«)M/\;‘v‘)c lff\’i)éd?l‘&su
W0 o Kiow et i{ou(e do\s%
-4

1
\ el
&5 =T T ET

A
h
|3
I

’ écw\c esots



