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1.(5%) A circular disk of radius a is uniformly charged with o, C/m?. If the disk lies
on the z=0 plane with its axis along the z-axis, What is the electric field that at point
(0, 0, h)?

(&) E =2|— ]a

o |(h2+a?)2

& _1 - (h2+a2)] Az

© E = 2¢, [_(-i:;—f_a_z-f] a

(D)E_i’f-[1————’l—]az

2¢ (h2+a?)1/2

2.(5%) The linear electric quadrupole is a set of three charges as shown in the
following figure. The separation s is again much smaller than the distance 7 to the
point P. What is the potential ¥ at the point of P:

Qs (3cos?60-1)

A V= . | P(r,6,9)
(B) v =L D a T

(©) v =2t nr

@) v = S )
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3. (5%) There is a sector of a spherical shell with the cross section as shown in the
figure (where 0<o<2m) What is the resistance between the top and bottom bases
of the sector? (Assume that the electrical conductivity of the sector material is o)

(A) R =m&—%]
B) R = sz~
(O R = s [2 3]
(D) R= s [2 =]

4. (5%) A parallel-plate capacitor has plates of area 4 separated by a distance s. Its
dielectric has a conductivity c=a+bx, where x is the distance to one plate and a
uniform relative permittivity &. With an alternating voltage with the angular
frequency  across the electrodes, there is a current / flowing through the
dielectric. What is the electric field in the capacitor? '

-

(A E = A((a+bx1)jw8rso)
(B) E = A((a+bx)f/fw8r£o)
©E= A(a%bxijwsreo)
(D) E = A(a+bxl—jwelrso)

5. (5%) The plane boundary defined by z=0 separates air (z>0) from a block of iron
(z2<0), of which 2 =5000x, If B =#%4-36+212 is the magnetic field in air, what
is the magnetic field B, in iron:

(A) B, = £0.0008 — $0.0012 + 212
(B) B, = £4 — 96 + 260000

(C) B, = %4 — 96 + 20.0024
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(D) B, = £20000 — $30000 + 212
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6. (5%) Which material type in the following has negative magnetic susceptibility,
thus the direction of the induced magnetic dipole moment is opposite to the
corresponding applied magnetic field:

(A) Paramagnetic material

(B) Diamagnetic material

(C) Ferromagnetic material

(D) None of the above material have negative magnetic diploe moments

7. (5%) Which following equation is not one of the Maxwell’s equations:

(A) Vxﬁ=f+eoaa—f
= dB
(B) VXE——'a—t
T=_0
©)V-J=—-—
(D) V-B=0

8. (5%) The plates of a parallel-plate capacitor has areas of 10 cm? each and are
separated by 1 cm. The capacitor is filled with a dielectric material with & = g, ,
where g, =8.85x10"12F/ | and the voltage across it is given by
V(¢) =30cos(27 x10%) (V). What is the displacement current?

(A) Iy = 2.4me, X 107sin(2m X 107t) (A)
(B) Iy = 2.4me, X 10°cos(2m X 107t) (A)
(C) Iz = 2.4me, X 10%sin(2m X 107t) (A)
(D) None of the above.

9. (5%) Considering a plane electromagnetic wave traveling in a material with a
permittivity & and a permeability y, what is the phase velocity of the wave?

(A) —
B®) =

(C) pe
(D) none of the above.
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10. (5%) The instantaneous expression of the electric field of a plane wave in
vacuum is givenby E(z,t) = 4, Eycos(wt — Bz). The intrinsic impedance (also

called the wave impedance) is 77,. What is the instantaneous expression of the
Poynting vector?

2
(A) 3, f’—"cosz(a)t — Bz)
0

~ EZ
B) 3,5

(9) ﬁxg—gcos(a)t — Bz)
0

(D) none of the above.

11. (5%) A linearly polarized plane wave (Ei, ﬁi) with a frequency of 100 MHz

propagates in vacuum in the +z direction. It impinges normally on a perfectly
conducting plane at z = 0 and gets reflected. The reflected wave is denoted by

(Er, ﬁr). The incident and the reflected waves form a standing wave. Determine

the location nearest to the conducting plane where the total magnetic field ﬁi +

—

H, iszero.
(A)z=-3 (m)
(B)z=-1.5 (m)

(C)z=-0.75 (m)

(D) none of the above.
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12. (5%) Total internal reflection can occur at the interface between water and air.
Assume the refractive index of water is 1.33. Which one of the following is
closest to the critical angle at the water-air interface?

(A) 36°
(B) 42°
(C) 45°
(D) 49°,

13. (5%) The following characteristics have been measured on a distortionless
lossy transmission line at 100 MHz:

Characteristic impedance: Zo =50 Q
attenuation constant: o = 0.0869(dB/m)
phase constant: § = 0.87 (rad/m)

please evaluate the value of the R in the RLGC model for this distortionless lossy
transmission line.

(A) 0.1 Q/m
(B) 0.5 Q/m
(C) 4.345 Q/m

(D) none of the above
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14. (5%) Given a load with a reflection coefficient I', = 0.7 76" under the
characteristic impedance (Zy), as the figure shown below. Now, we use a
transmission line with characteristic impedance of I'jise and length of / to match
this load to the characteristic impedance (Zo). Which Zj, in the selection items
have the best matching condition?

(A) 0.33 Zo
(B) 3.06 Z
(C) 0.72 Zq
(D) Zo
(Zline ! I) 1
l Load| I =0.7 e
I_in = O é

System impedance = Z,

15. (5%) Evaluate the input reflection coefficient (I'ty) of the circuit constructed
with an ideal transformer and a resistor as the figure shown below. It is noted
that the characteristic impedance for evaluating the reflection coefficient (Z) is
50 Q. Please select the most close value I';, between the selection items

(A) -0.89

(B) 0.3

(C) 0.89

(D)-0.3

r =2

in

(Z,=50Q)
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16. (5%) A d-c voltage (6V) is applied at t=0 directly to the input terminals of an
25-Q terminated lossless coaxial of 3m length as the figure below. The initial
condition of voltage and current of the cable are 0V and 0A. The dielectric
constant () of the insulating material in the cable is 4, and the characteristic
impedance of the cable (Zg) is 50Q2. Determine the voltage value at the midpoint
of the line at 60ps.

(A) 6V

(B) 5.3V

(C)4v

(D) none of the above

(Z,= 50Q, € =4,1=3m)
ﬂi_

6V

25Q

]|
|

17. (5%) A parallel-plate waveguide has the two plates separated by 1 cm and is
filled with a lossless dielectric with a dielectric constant of 2.1. What’s the total
number of waveguide modes that can propagate with the operating wavelength of
3 mm? '

(A) 14

(B) 16

©)9

(D) none of the above

18. (5%) For the design of symmetric dielectric slab waveguides, given the
conditions

(i) smaller refractive index contrast (ii) thicker core layer (iii) higher operation
frequency, how many conditions above will let the waveguide more likely to be
single-moded?

(A)1

(B)2

(©)3

(D) none of the above
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19. (5%) One air-filled rectangular waveguide is connected to the other rectangular
waveguide filled with a dielectric characterized by the dielectric constant &. Both
waveguides have identical dimensions with a=2b. What’s the exact expression for
the frequency range over which single-mode opearation will occur in both
waveguides?

(D) none of the above

20. (5%) For an air-filled parallel plate waveguide, if the zigzag angle ¢ defined
below is 36.87° for the TE; mode, what would it be for the TE, mode at the same
frequency?

(A) 72.54°
(B) 25.84°
(C) 17.45°
(D) none of the above
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