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Figure 2 The electrostatic mop and a dust particle on
the floor
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Figure 3 The electrostatic mop is place on top of a big
mirror

Part A. Typical floors are insulators. The mop has a distance of 4 from the floor and the mop
surface aligns paralle] to the floor. The dust size is very small compared with the mop area.
~a. (5 pts) If a dust particle with tota] charge of ¢ and mass of m, is exactly at the projected

constant larger than 1.)

c. (8 pts) A conductive dust particle which.is a cubic in shape with each side of % in length,
The particle does not have initial charge before the mop gets close. The dimension of the
particle is far smaller than the mop. If the floor has relative dielectric constant equal to 1.
Please derive the induced dipole moment of this dust particle. Wil] the dust particle be remove

or not? Describe and explain your answer. (Hint: Please consider different forces and how are
the charges interact, Induced dipole has to be considered.)

a. (3 pts) What is the electric field in the air between the glass and the mop?
b. (5 pts) What is the polarization of the glass slab?
c. (5 pts) What is the capacitance of the entire system?
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Newton-meter, and the magnetic field at the altitude of the satellite orbit is 5x10™ Tesla. The
angle between the earth’s magnetic field and the normal to the coil is 10 degrees.

b. (5pts) What happens if the satellite is situated at the zero declination line? And what happens
when the magnetic field of the earth is reversed? '

3. a. (5pts) Show that the coordinate free form of the magnetic field of a dipole can be expressed as
By My 1 = AN
B(F)=22—[3(m-#Yf -
) 4z r? [ ( ) ]

b. (5pts) If a magnetic dipole levitating above an infinite superconducting plane is free to rotate
as shown in Fig. 4, what orientation will it adopt? (Hint: The magnetic field inside

Fig. 4
4. (13pts) When treating the problem of refraction and reflection of electromagnetic waves striking
an interface of two media, usually we consider the parallel component and the perpendicular
component (to the incident plane) of the E-field of the incident waves separately. Show that :
- <S>T=<S>P+<S>N

Where < S >1 is the average Poynting vector of the incident light beam, < S > pand < § > being
the corresponding average Poynting vector of the parallel component and normal component,
respectively, of the incident beam.

Fig. 5

6. (13pts) State the kind of boundary conditions that one weuld use to find the characteristic modes
of both TE and TM electromagnetic waves traveling along a perfectly conducting wave guide.
Specifically, what physical quantities are involved in these boundary conditions and what are their
mathematical expressions?




