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I , 	 Consider a rectangular waveguide, infinitely long in the x-direction, with a width (y-direclion) 2 

em and a height (z.direction) I em. The walls are perfect conductor (Fig. I). 

(a) What are the boundary conditions 	on the components 


of [3 and E at the walls? (5 %) 
 '~'-I/Y
(b) Wrile the wave equation which describes the Band 

-.L ....
E fields ofthc lowest mode. (S "!o) ,,­

(e) For the lowest mode that can propagate, find the phase 
to Fig.l x 

velocity and the group velocity. (5 %) 

2 	 Consider a TM plane wave incident obliquely from an isotropic medium with permittivity [; 

and pemlcability Ji upon another isotropic medium with pennittivity [;, and permeability 

f..I, (See Fig. 2). 

(a) Please derive the reflection and transmission coefficients. (5 %) 

(b) Please derive the conditions of total reflection. Please derive the 


field components of Band E at region t when total reflection 


occurs. (10%) 


(c) 	If both 10, and p, are negative values, please derive and plot the 


directions of wave vector, Poynting vector and electric field vector 


of the transmitted wave. (5 %) 


3 	 (a) Consider a wave packet that consists of two traveling waves having equal amplitude and 

slightly different angular frequencies Wo +c.w and 11'0 - how (c.w« 11'0). Please derive the 

group velocity ue of this wave packet. (5 %) 

(b) Consider plasma with the free electron charge q. , mass m. and density N.. Assume the 

plasma is collisionless (no collision loss). Please derive the effective permittivity of the 

plasma in terms of plasma frequency OJ , '" ~N. q.' f(m , lio) . (5 %) 

(e) Prove the following relation between group velocity ue and phase velocity u~ in the 

plasma of part (b): ue= up-A(dup l d}.),where A. isthewavelength . (5%) 

Region I IUglonl 

Fig. 2 
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4 口 eieclric knses can be used 10 collimatc El\l ficlds. In the plüt below. the left surface of the 

Icns i ， thalo[acucularc叫mder， and the right surface IS a pl"nlò. If E , at pOHlt P 圳 30'，:) in 

re g: 1υn 1 i~ 多丘 3丘e' 帆 hat must bt the diekctlic \:on穹;tant of the lens III order lhat 主 J lJl 

rlò g:lO n3 is parallei tothcx 凹的 {15%) 
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~. 	 An unch"rg:td spherc of mdius h IS placed in an miliully unifonn electric fleld Ej '" â ,Eo m 

aJr. Oelcrmme the electnc potcnllal V阱，θ) and thc dtnric field mter叫 ty Ë(R ，的 bοth 

lllSldt:,mdoUbldc thlòsphcreaftcrilsmtroductiα11f(20%) 

(a) lhe sph口e is made ofconductor. assuming V(b.O) '" O. (1 0%) 


(bl thespherei ，l1l a必 οfdiek\:tricwlthadlekctnccon，lant t;. (10%) 


6 A 、eηlong， strmghtwireanda 以Jnduc九 mg circular loop ofradms ofb are arrangeJ as Shü\\ll 

-
-
J

belo\\. ( 	 L-
θπ 

于 (15%)

占 p+qc，)~ θ -V'pl-

(a) 	 Octermine lhe mutual inductance bet悶enth凹1.(5%)

(bl 	 Find the force on the cir(ular loop that i~ exerttd b) the magnetlc field due to dll upy., ard 

currcnt 1, ÎlJ the long ~tralght \\o ile The circular 1001' carries a cu汀ent h III the 

叩開tcrclocky.，的echrection(5。而) 

(c) 	 A，~ume that thc Clrcu:ar loop is rotateJ about ~ts horÎzo立tal ax的趴 anangleαfindthe 

torqueex lÒ rtedon the circular 100p. (5秒。)


