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1. 	 (10%) If you were a lecturer of freshman year" General Physics " class, please write a half 

page description and explanation of the phenomenon of "magnetic hysteresis" such that 

your students can understand the basic physics and grasp the physical insight of the 

phenomenon. 

2. 	 (10%) The following figure shows the equivalent circuit of an infinitesimal section of two-

conductor transmission line of length z, where R, L, G, C represent resistance, inductance, 

conductance, and capacitance per unit length. JustifY why L is connected in series, and why 

C is connected in parallel. 

3. 	 (a) (5%) Explain the relationship between the cut-off wavelength and the spacing between 

the plates of a parallel-plate waveguide based on the phenomenon at cut-off. 

(b) (5%) Explain why single-conductor hollow or dielectric-filled waveguides can not 

support TEM waves. 

4. 	 (15 %) When there is a relative motion between a time-harmonic source and a receiver, the 

frequency of the wave detected by the receiver tends to be different from that emitted by 

the source. This phenomenon is known as the Doppler effect. Let us assume that a light 



transmitter of a time-harmonic wave of a frequency I moves with a velocity u (assumeu 

«c) at an angle B relative to the direct line to a stationary receiver. 

(a) 	 (5%) Please derive and show that the frequency of the received wave IS 

I' = _-=---1_ 
u

l--cosB 

c 


(b) 	 (5%) If the transmitted signal has a spectral linewidth of ~v, what would be the 

linewidth of the received signal after the Doppler effect? 

(c) 	 (5%) If the receiver (target) has a rough surface comparable to the wavelength of the 

light, how would the spectrallinewidth of the received signal change? Why? 

5. 	 (15 %) Two orthogonal linearly polarized waves are combined. State the conditions under 

which the resultant will be 

(a) (5%) another linearly polarized wave 

(b) (5%) a circularly polarized wave 

(c) (5%) an elliptically polarized wave 

6. 	 (15%) An ideal metallic sphere ofradius a is positioned in free-space with an uniform applied 

electric field intensity of E = Eoz . Discuss and provide a detailed sketch showing the electric 

field lines of the sphere and its vicinity. Also show the distribution of the surface charges. 

z 

EO 



c 

7. 	 (10%) A syrrunetric slab waveguide is found to support exactly 5 TE and 5 TM modes at the 

optical wavelength 500nm. Assume that material dispersion from the waveguide is negligible. 

(a) (5%) How many TE and TM modes does it support at the wavelength 1urn? 

(b) (5%) Among those mode in (a), which has the largest propagation constant? 

8. 	 (3%) H(r, t) = 20.01· cos(900t + {3z) Aim in vacuum with no current source. What is 

f,;t.lh 

Maxwell's Equations 

v.E=£L 
Eo 

-	 as
VxE=-at 

V·B=O 

aEJVxB -=110 (-11 +Eo at 

9. 	 (12%) An infinite current sheer J=2 5 Aim coinciding with xy-plane separates air (region 

1, z>0) from the medium with J1.rz = 2 (region 2, z<O). Given that HI = 302 + 4051 + 

20 i 	Aim, find 

(a) 	 (3%) Hz, 
-+ 

(b) 	 (3%) Bz, 
-+ 

(c) 	 (3%) angle a l that Bl 

(d) 	 (3%) angle az that B
-+ 

z 

Boundary Conditions 
fi x (El - Ez) = 0 
fi . (Dl - Dz) = Ps 
fi X (HI - Hz) = Is 
fi . (81 - 8z) = 0 

makes with the z-axis, and 

makes with the z-axis. 
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