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For your reference: &= 1036z (F/m); o= 4nx107 (H/m); No= 1207 (Q2)

Permittivity & (=g€); Permeability p (=p);  Conductivity o

1. Short answer questions:
(a) What is Gauss’s Law in Electrostatics? Does Gauss's Law belong to the divergence theorem or the Stokes’s theorem?

Why?  [5%]
(b) Please state the boundary conditions for the electric field E and the magnetic field & in Electromagnetics at an
interface between two lossless dielectrics with (ey, 1) and (g2, pa). [59]

(c) Given an instantaneous electric field of a wave as
E(z,1) = a,E cos(wt—kz)+a,E,cos(wt—kz +‘;—{‘) .

If E, =E,,isitacircularly polarized wave or not? Why? [5%)]

2. Inthe cylindrical capacitor shown in Fig. A, each dielectric occupies one-half the volume. Find

(a) Please calculate the total capacitance of this cylindrical capacitor; [5%)

(b) If b = 2 cm and the radius @ can be selected arbitrarily. The breakdown field strengths of the dielectric-1
(with £n ) and the dielectric-2 (with & ) are 200 kV/cm and 250 kV/cm, respectively. What is the maximum
allowable voltage of this cylindrical capacitor? [10%)]
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3, Aninfinitely-long cylindrical conductor with a radius of @ and charge distribution of p, per unit length. As shown
in Fig. B, half of the cylindrical conductor is buried in the dielectric with the permittivity € and half of the cylindrical
conductor is buried in the air. Please find the potential function and the electric field intensity function by way of

separation of variables. [15%)]
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4. A thin, center-fed dipole antenna placed along the z-axis, as shown in Fig. C, with a length of 2h and a current
distribution of
)= {f, s?n (Bth—2z)), forz>0,
I, sin{B(h+z)), forz<,
where [ is the current amplitude and g =27/A(wavelength) . As a result, the far-field contribution from the

differential current element J(z)dz is denoted as

-igR
dE (2) =, dH, @)= ST

)7, Bsin6 .

{a) Prove that the antenna pattern function F(8) is

F6) = cos(8 heosB) —cos(f h)
sin@

[hint: sin A-sin B= %(sin(z! — B)+sin(4 + B)) and you can start with the Biot-Savart Law.] [10%]

{b) Show that for a short antenna when g h<<1, the above-mentioned pattern function can be simplified as
F(8)=A-sinf

I
and find the coefficient A.  [hint: cos(x)=(1—%+...),] [10%)]
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5. An air-filled rectangular metallic waveguide, as shown in Fig. D, is considered.

(a) What is its dominate mode according to the reference coordinates shown? TE; or TMy, i, j € {0, 1, 2, ...}? Please also
give the reason why. [5%]

(b) Find the allowed frequency band for single-mode operation for this waveguide. [10%)]
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6. A 600-Q transmission line is 120 m long, operates at 400 kHz with o = 2.4 x 10 Np/m and j = 0.0212 rad/m, and
supplies a load impedance Z, =300+ j300 (£2). For a node voltage V\ at the load end is 50£0" V. Find

(a) the Length of the transmission line in wavelength,  [5%)

(b) the reflection coefficient I'y at the load end, [5%)]

(c) the reflection coefficient I'; at the source end, and ~ [5%)

(d) the input impedance Zi, looking into the transmission line, towards to the load. [5%)]




