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(1) A thin, non-conducting ring of radius R, as shown in Fig. 1, which has a charge Q uniformly spread
out onit. Now a small particle of mass m and charge —q is placed at point P and released. [f R>>x,

the particle will undergo oscillations along the axis of symmetry with an angular frequency that is

equal to
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Q) If E, =E,, the tip of the electric field vector will describe a trajectory that, as viewed along the
z-axis from positive z and looking toward the origin, is a
(a) line at 45° to the +x-axis
(b) line at 135° to the +x-axis
(¢) clockwise circle
(d) counterclockwise circle

(¢) random path

(3) A positively charged particle is moving in the xy-plane in a region where there is a non-zero uniform
magnetic field B in the +z-direction and a non-zero, uniform electric field E in the +y-direction.
Which of the following is a possible trajectory for the particle?
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(4) The quantity B/, has units of:
@ J OMIH ©Jm (d)Jm® () H/m’
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(5) Two long conductors are arranged as shown above to form d Conductor

SRR y

the page along the shaded portion of the other, as shown. What Vacuum x

overlapping cylinders, each of radius r, whose centers are
separated by a distance d, as shown in Fig. 2. Current of rI

density J flows into the plane of the page along the shaded part

of one conductor and an equal current flows out of the plane of

are the magnitude and direction of the magnetic field at point A? Fig. 2
(@) (1, /27)r-dJ inthe +y-direction

(b) (1, /27)d*J /r in the +y-direction
(c) (1 /27)4d*J /7 in the -y-direction

(d) (4, /27)Jr*/d in the -y-direction

(e) There is no magnetic field at A

(6) Two identical conducting spheres, A and B, carry equal charge. They are initially separated by a
distance much larger than their diameters, and the force between them is F. A third identical

conducting sphere, C, is uncharged. Sphere C is first touched to A, then to B, and then removed.
) @
(c) 7

As a result, the force between A and B is equal to
(@)0 (b)F/16 (c)F/4 (d)3F/8 (e)F/2

(7) Consider a novel material which has special properties such as
#<0,e<0. Ifanincident light coming from the bottom and

enter the interface, which of the following will be the possible
Light

optical path shown in Fig. 3? Novel Material: (1<0, £<0

(a) (b) (c) (d)

1 Top view
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(8) A copper penny slides on a horizontal frictionless table. There is a > 5065600
ion of ta i ic fiel endicular to 8®®®208 @
square region o cor}s r'1t uniform magnetic field perp e 0000000 3
the table, as shown in Fig. 4.  Which graph correctly shows the 2033900
. . Fig. 4 QB R
speed v of the penny as a function of time t? 202002
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2. (10%) AsinFig. 5, two long coaxial cylindrical metal tubes (inner b%H\
radius a, outer radius b) stand vertically in a tank of dielectric oil 1= Fig. 5
(susceptibility ., mass density p). The inner one is maintained at a L ,
potential V, and the outer one is grounded. To what height (h) does the Y
oil rise in the space between the tubes? L oil L
—t——

et e

3. (10%) A current I flows to the right through a rectangular bar of conducting material, in the
presence of a uniform magnetic field B pointing out of the page, as shown in Fig. 6.
(a) If the moving charges are positive, in L
which direction are they deflected by the

magnetic field. This deflection results in an

accumulation of charge on the upper and

lower surfaces of the bar, which in turn Fig. 6

produces an electrical force to counteract
the magnetic one. Equilibrium occurs when the two exactly canceled.

(b) Find the resulting potential difference between the top and bottom of the bar, in terms of B,v (the
speed of the charges), and the relevant dimensions of the bar.

4. (10%) The Maxwell’s equation contains 4 different equations and can be expressed in both integral

and differential form. Please write down the Maxwell’s equation in both forms. Be sure to use

MKS units, B for magnetic field, E for electric field, p, and €.
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5. (10%) Consider a uniform plane wave propagating along the z-direction in free space with the
electric field £=-%E, sin(wr—kz)+ ) E, cos(wt-kz) . Please derive the Poynting vector, the

fime-average Poynting vector, the instantaneous field energy density, and the time-average field

energy density.

6. (10%) Assume a surface wave exists at the metal-air interface as shown in figure 7 and the magnetic

fields A in region [ and II have the following forms:

Regionl: H = A x99 g=%7 3 Fig.7

Y z

alr

RegionIl: H =B e/"*@ %% g X Z=0

The dielectric constants in air and metal are &,

and &(w), respectively.
(a) According to Maxwell’s equations, please

write down the electric field £ inregion I and IL
(b) Please write down the boundary conditions of E and H at the metal-air interface.
(¢) According to (b), please write down the dispersion relation of this surface wave.

7. (10%) Suppose the magnetic field on the axis of a right circular cylinder is given by
B=B, (1 +v.z° )é Suppose the 8-component of B is zero inside the cylinder.
(c) Calculate the radial component of the field B,(r,z) for points near the axis.
(d) What current density J(r, z) is required inside the cylindér if the field described above is valid

for all radii »?




