A non-uniform current described by the current density
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J ="Jp COS(ﬂ'E)

flows out of the plane of the page through a conducting sheet that extends horizontally from z = —3 to
z = +5 and vertically from y = —o0 to y = +o00.

e la) (10 pts) How much current will pass through a rectangular loop that extends horizontally from
—z to +z and vertically from —y to +y if ¢) z < § and #) z > §

= %‘% M\- %\g ws (v% \\\(U\ (™D = O
BaKes s < 1310 (3G,

—\\3‘\
'B\ Ty -\x\%
— \ “_Z(_ Fe ‘u 5 -z \D © \ \f |
x T gy Cay Lon =k - el kl = bﬁ‘“& =
A Er T - 2 th xso\-‘v}hkc%\ o
/ > —onc\ R il 4../ '?,
) ‘ o ey Mle st

~ * e 1b) (10 pts) Find the (vector) magnetic field for all points on the z-axis.
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e 1c) (10 pts) An electron (mass m,

charge —e) orbits a nucleus (charge +Ze) located at the point

< d,0,0 >. If the electron has an orbital angular momentum given by L = L%, find the magnitude
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and direction of i) the magnetic dipole moment associated with the electron’s orbital motion and %t)
the torque on the atom due to the magnetic field created by the current sheet.
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e 2a) (10 points) Figure 1 shows a circular conducting loop of radius R, situated in the x,y plane,
centered on the origin. It carries a current I which is directed in the +y direction at the top of the
loop. Derive the magnetic field (magnitude and direction) for all points on the z-axis.
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e 2b) (.?points) In Figure 2, we find a collection of conducting loops (Radius R, oriented parallel to
the z, y-plane, centered on the z-axis) that extend in steps of Az from —NAz to +NAz. Each carries
a current I which is directed in the +y direction at the top of the loop. Derive the magnetic field
(magnitude and direction) at the center of the assembly. 'z/
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um to an integral and evaluate B at the center of this solenoid Z

e 2¢c) (10 points) ~Convert the Riemann s
of finite length. Evaluate your answer (carefully) in the limit that L — oo and show it yields the

correct result.
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sinusoidally-varying current of amplitude I,,,, and angular frequency w drives :

e 3a) (5 pts) Find the impedance of the RL combination.
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e 3b) (5 pts) Will the voltage across the RL combination lead or lag the current that passes through
it? By how much? L
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e 3d) (5pts) Will Iomas = ILmas + [Rmaz?  Explain.
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e 3¢) (5pts) Draw a phasor diagram (in impedance space) to show how you would combine the capac-
itor with the RL combination to find the total impedance seen by the source. Label the contributions
from the capacitor and the RL combination clearly, and make sure you clearly identify the relevant

angles for anything that doesn’t sit on an axis.
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