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** Show your derivations in details 1!
Make ciear all your assumplions/approximuotions!!

1. Consider two 2 cm radius circular loops which have the number of turns 5 and 14,
respectively, One of the loop is located at the origin and onented in the
z-direction. Negiect the thickness of the wire and find their mutual inductance
if the 2nd loop is : {10 %5)
(a) placed at z = 100 em and oniented in the z-direction. (Fig.  {a))

(b) placed at y = 20 em and oriented in the x-direction. (Fig. I(b))
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2. A point charge g i3 placed at a distance 4 from the center of a spherical cavity
which has an inner radius a and is located inside a conducting sphere of radins R.
The distance between the centers of the two spheres is b, as shown in Fig.3. Find:
(a} electric field disu'libutinn everywhere, and  (h) the force on the charge.

{Note: For convience, you may chose different coordinates / origing for the

expressions of the electric field in different regions. ) (20 %)
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3. Consider an infinite long rectanguiar pipe formed by perfect conductors and filled
with a dielectric of permittivity £, as illustrated in Fig. 2. ﬂnesideufthepipeié
held at electric potential ¥, and the other three are grownded. {20 %)
(2) Find the potential distribution inside the pipe.

(b} Find the surface charge density distnbution on the side held at potential V.

4.Acmr=nttransfann¢rﬁnbeusedmmeasmecmﬁmsiﬁawht,asshuminFigni.
Assuming the infinite lopg wire has a diameter of 2 em and coincides with the
principle axis of symmetry of a 700 furn coil wrapped wniformly arcurd 4
rectangular, toroidal-shaped iron core of inner and owter radii a = 8 ¢m and.
b = 10 cm, thickness 1 = 2 cm, and relative permeability i, = 1000,  The current,
which is uniformly distributed in the wire, varies with time sinusoidally ai
frequency 400 £f= and amplitude I Ampere peak to peak. Find the induced
voitage Vasbetween the terminals of the ceil. (15 %)

Fig. 4
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() What is the waveguide mode with the lowest cutoff frequency? Qualitatively

plot its dispersion diagram (@ - k, relation), (5 %)
(b) What are the waveguide modes having the 2nd lowest cutoff frequency? (3 %)
{¢) Find the cutoff frequencies in (a) and (b} if 2 = 10 em. {5 %)
(d} Find the phase and group velocities for waves of frequency 3 GH=. {5 %)

6. In an experiment, one needs to transmit 2 monochyomatic light of wavelengih
ﬁﬂmnﬁnmairﬁuuavacuumchmnberthmughaﬂﬁnduwmadeﬂfﬂﬁ-?
glass, which has an index of reflection of » = 1.52, as shown if Fig. 6. Propose
allthemethﬂds}'nuuantlﬁnkufsuchthatﬁmuamnﬁssinnisperfmt,i*ﬁ,ﬂﬁnis
nc reflection. NmethatynunaadtuPRD‘JE]murmemudswurkbywﬁﬁngdnwn
the related equations and calculations. (Hint: You may chose the thickness or
orientation of the glass window or any coating you may add to its surface, ete)

{15 %)
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