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1. (a) A spherical shell, of the radius D, with a surface charge density distribution
o = 0, cosd,where 0 is the polar angle evaluated from the z-axis, is centered at the

origin of the coordinates. Find the electric field at the origin of the coordinates. (6%)

(b) A dipole of moment p is lined up with the z —axis at the origin of coordinates. A second
dipole of moment p is centered at the position (R, 0, R) and is pointed toward the
origin. Calculate the torque on the second dipole. (6%)

2. Consider an uniform electric field in the z-direction E = ZE,, where 7 denotes the unit

vector in the z-direction. An uncharged conducting rod (of infinite length) of radius D is then
introduced into this field with its symmetry axis lined up on the x-axis. Find the electric field
everywhere outside this conducting rod. (12%)

3. Consider four flat-electrodes at z=0, z=4, x=B/2,and x= - B/2, which form a hollow
rectangular pipe (infinite length) with insulation at junctions, i.e., edges of this rectangular
pipe. The two electrodes at x=B/2 and x=-B/2 are grounded while the two electrodes

at z=0 and z=4 are maintained at potential V;. Find the electric potential everywhere
within this rectangular pipe. (11%)
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4. In the figure shown below, a wire is extended from y = -(a+L) to y = a+L and is bent as a
semicircle in the xy plane. If the wire carries a current I flowing along the direction indicated
by the arrows in the figure and the magnetic flux density B in the region is along the +z

direction, determine the magnetic force acting on the wire with the following parameters:
I=5A,B=3T,a=1m,L=2m. (7%)
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S. Below is the cross-sectional view of a hollow and infinitely long conductor. The conductor is
placed along the z axis and carries a current of 6 A in the +z direction. If the inner and the
outer radii are respectively 2 cm and 4 cm (i.e. a=2 cm and b=4 cm), determine the direction
and the magnitude of the magnetic field intensities at r = 1cm, 3 cm, and 5 cm.  (8%)
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6. A magnetic circuit with an air gap is shown below. The outer and inner radii of the magnetic
core are 12 cm and 10 cm, respectively. The length of the air gap is 1 cm. The magnetic
material is tightly wound by a conducting coil with 3000 turns and the current in the coil is 2A.
The relative permeability of the magnetic material is 1200. Assuming no fringing of magnetic
flux in the air gap and the magnetic flux is restrictedly flow through the magnetic material,
answer the following questions:

(a). What is the direction of the magnetic flux with the current flow shown in the figure?
(clockwise or counterclockwise?) (3%)

(b). What is the total reluctance in the magnetic circuit? (6%)

(c). What is the ﬂux density in the magnetic circuit? (6%)
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7. Consider an example of total internal reflection as described in the figure on the next page.
The oscillating direction of the E-field of the incident light is along y-axis. Given that the

electric field in medium 2 as: E, = Eg gl(wt=-kT)

where K, = Rkyx +Zjky, and Ky, , Ky, are real numbers and j is the unit imaginary

number.

(a) What is the oscillating direction of the electric field in medium 2, (E?)? Why? (5%)

(b) Find all the components of the amplitude of the magnuetic field in medium 2, (Hg ), in terms
of E9, Koy ,and Ky, (10%).
() Do the components of the H,-field oscillate in phase with E, ? If not, what is the

difference, and which leads which? (10%)
(d) Find the average Poynting vector or the average energy flux density in z-direction in

medium 2. (10%) >
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