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1. (10%) (a)E is a vector, prove Vx(VxE)=_V(V'E)—V2E (V=§x_x+%y+gz_z)

(b) For a point charge Q located at the origin, find the electric flux through the square surface (side a) located right
above the charge with distance a/2 :

2. (15%) A sphere with homogeneous linear dielectric material &, =1+ g, is placed in a uniform electric field E=

Eo2 (a) find the potential inside V(r<R) and outside V(r>R) the sphere by using the separation of variables method
V(r,0) = Zl oAt + By z+1)Pl(C059) r=R

B.C.(I) V' =V,
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at r—R (I‘)g Vi —goa?"‘ at r=R'(i_ii) V.i—>—Egycosf r>R , z=rcost
or 7

oV, 1V, 1 OV

(b) Find the electric field inside Ei, (r<R) and outside Eow(r>R) - (E = —VV = ¥
or r 08  rsind o6

(c) Find the Polarization Density P inside the dielectric sphere and the induced Surface Charge Density o

( P - EOZeE

in?
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(10%)(a)A electric dipole p(=qd) consists of two equal and opposnte charges +q separated by a distance d pointing at
the z direction. At a point (r, 0, ¢) far from the dipole (r>>d), find the approximated potential V and electric field E

1
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(b) A dipole is at distance z above a grounded metal plane. Find the torque N = px E on the dipole and the rotation

direction of the dipole if &< —725 (hint: use the image methed of the dipéle.)

4. (15%) A spherlcal shell with surface charge density o and radius R spinning with constant angular velocity @
(a) Find the magnetlc dipole moment m =IA of the spinning spherical shell.

. . o . . i — ,Llo m X ”:
(b) Find the vector potential A for r>>R by using the dipole approximation. Aipote #)= e

(c) Find the magnetic field B outside the spherical shellat(r,0,¢) forr>R /Q ..... >
Reosé ™|
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5. (10%) (a) Please write down the Maxwell equations (4 equations) with free charge py and free current density jf ,
and describe their physical significant.

(b) Please derive four boundary conditions of electromagnetic fields based on the Maxwell equations.

6. (10%) (a) It is known that the reflection intensity is zero when a TM wave is obliquely incident from an optically

thinner medium (refractive index ni) onto an optically thicker medium (refractive index n,) with Brewster’s angle 5.
Please derive that the Brewster’s angle 05 = tan‘l(%).
. - : : . ‘ny

(b) Following the previous question, when an un-polarized light illuminates onto the medium interface with

Brewster's angle (that is, 6; = @), the reflected light will become a TE wave (see the figure on the \@&
richt). Please derive that the 8; = 90° - 8g under such condition. ™ N

7. (15%) An electromagnetic wave propagates in air, in which the instantaneous expression of the electric field is given

by E(x,t) = 8,60m cos(6m X 105t + Bx) (V/m), please find (a) the direction of propagation and freqqe.rgf(b) the

phase constant £ and wavelength 4 (c) the instantaneous expression of the magnetic field.

8. (15%) For an dielectric-filled (&= 2.25) parallel-plate waveguide in which the distance between two platesa =5 cm:
(a) Please find the cutoff frequency of TEM, TMy, TE1, TMy, and TEz modes.
(b) If now an electromagnetic signal with frequency f=3 GHz is considered, which modes can be excited?

(c) Following the previous question, please respectively determine the phase and group velocities (in term of light

speed in vacuum c) of those guide modes which can be excited at a frequency of 3 GHz.




