. - 2%
G g BIRDRE Binwina T WAL M

#
Rt s AR $ L

R
H

1. Maxwell's Equations and Wave Equatlons: (25%)
(a) Wrile the Maxwell's eqeations j differential ferm. (330}
(b) Write the equilion of continuity, (3%}
{2y Which term in Maxwells cqoations is the displecement TRArENL dessity T How did
tdamwell add to this berm 10 anake the equaticits consistent wirl dnc ponciple of
charge conservalion fequation of cominuity)? Briclly explain the physical meaning of

ihe displacoment cament- {350}
(d) Derive flie imhomagentous wave squations for the E and B figlds from bMaxwell’s equations, (4%)

(&) Exerive the time-harmonic {soaree-frec) Heltnholtz's equation o the T and H fields. (4%)
(F) Write the ¥ and M ficlds of an x-polatized pline wave propagiting i the +z divecrion. {39
() Prove (hat E-ficld in () satisfics the eguatton i {c). §35h

3. A biological cell (EIRREY  modeled as a simple two-layer lossy sphese with [g, ., } i Ih
cell metbeanc {EBRRASY and (g, &, din the eell nuclens (SHIFEERY is placed in 0 Inétially
wniform E-Gited £, = & F,. The indueed Miedd inside the cell can be oblained as

B (RB) =8, cosB{£, — A, + 15, [R")+ & sin®—&, ¥, + B /R & siqvple madal of 3 diplogical cell
a< /=l

EL(R9Y=4,(E, = A )= A, couBlEy — A, )+ 8y sinB{-£, + 4, e
I B eclivarE
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[where (4, .8, 4,0 a6 fonctions of {2, @, 18z «F: & )]

{2) From the gutrent-density boundary condllion, find
the tweo equatans of the relation between (A, B, As3- [5%) .
(%) Tetermine the swface charge distribadion o, (.0} at the ? T T
beandary of the cell membrane and the cell nucleus, {3%]
B g

3. A unifoom plane wave from 2 diclectzic mediem (£, =4 is incident ahtiquely cn e oondory o
the disfectric and air. Lel the avorages power density g, of the incident plane wave be { Wim?,

{#) Detenning the covieal angle . of the total ceflection. (55%) .
(b Determine the iverage power densities of the ragamited wave 3l an incident angle 6. (3%}

4. A microstrip fine has a characteristic impadinee of ST and & substeare with dislzcreic copstant
g, =% aml thickness & = Frust, Use the simple parallelplae fermta to deiennine: [25%)
£a3 the eequired widih w of the micoostrig |ine, {3%)
(%) the physical length of = A/2 mierosuip ling w 10-GHz, (5%
e} the iipur impedence, reflection cosfficient and VSWE of 2 micrastrip ling with lengtiy 123 rom
and ivad linpedance 25834725020 = b0 Gz (by using the Smith chart), { 109%)
() IF e mrigrestrip live {2, =9 & d = Tma) i5 vsed to desipn 2 matched section for 4 (-6 system

(0 & load imprdance 255Y at 1) Gliz, determine the the roquired widih w and Jength. {3%)
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K, A communicxtion smellite is in o synclirewons ocbin 36000 ke above dhe corth. The satollibs
reansmiller power is LD W and dhe sutellite aotenng with gain O 4B and adiation efficiency (.G at 10
GHE rudintes o circelpely polacized (CFY wave. The eanh station reeziving ontonna with gain 40 JdB
and rodintion cffickeney 0.5 is o loearly pofanzed antenna. The roceiving andenaa i5 coamecled o Lhe
reantver throupgh a rectangader wavigpide with cross-section axb, @ =2 om b =for,  [30%)
(i) Determine the ting-avecpge power donsity of Uas wawe mdisted Ceoma the sacellite ameane
tlye arth stodicn,
(biDelegming the reccived power of the canl stalion antoamu {assuming mutched Ioad and
polarization misteuch loss JdB) by wsing e ficc-space power tansmission formule,
L = Mp £ = transimitier povesd,  F = geciived poser 1o the mached Joad,
F R
7, (M. = trersmilling (receiving ) anieona radistion elticiency. p= policizalion mismutch loss
(G (e, ] = 1wansmilling (receiving ) sntenoa Enin
(c} Lt the & comuponent of the far-mone B feld of Lhe soaekite-sintenns cadiamed wive be
E, m E;,{.;-Mfdnnl.rqa.q;} ¢ F18, ¢} iz the anlenna pdtern fotion)
Weite a1l other components of the B xed H Gelds {either right-hand or teft-hand CF)
(cl) Taetermine the cofolf Greqeendy of (e doeniramt mode of the reeciver waveguide and all
thcedes that will propigine along the wavegikide at the opecnting frequency (10 GHz).
() Determine the paided waveleagk ad e wave atigedance af the waregide dominant nes=je
at the operaling fooguency {10 GHE).
(1) Write the B andd I Teeld disitacion of the demeirand mode and plat Use cross-secdionat ficld
clisdribntion .
: LAE RUNTH R |
Lo e i st e — Lrveavn
B |5;- FEA! ";;.__5 HE " i __ - 5 - I'_. aa1th slalim anlerua
T8I moile T mods
EN 2,30 = Eysinfpnxfa)sinfery ] H2¢x, 31 = By vos[mncfa)eosinny/s)
. Ly ;
EMx. )= ":_2 [mmfa) B, cosfpumy/ajsin{nry i} E (xpy= jhlil {nmib) Hy cos{mmfe) sinley 0}
¥ . TiH -
¥ (e 3y= —F—': [rafE) E, sialpaiefe Jens(mry i) E" (xp)=- "Ikz“' {memfa) H, sin{urmg)a jeos{amy b
y
F e . . | -
12(m.5) = LG8 sinlmmsf a)os(smpft) | Hi{e)= T (nmpa)  sin{orxiajeos{imy )
()= - L9 () B, os(pmmefayingomyp) | KoL fomh] 9, cosfonmtasin(sys)
o ffi =_r".||rmr|.|.3— (mmfa) - (b 4F =({mnfaf +(mpby
T AR z
by = MY 2o =T T =1 (ts)
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gp = 10-0036R) (Fm), Mg =41 x 10°7 (Hfmy);

Some Useful Yecber Identities

iofEs = 1207 ()

A BAXCoBRCxanC AXE
AxBxCh=BA C)-CA-B
T = g+ ¥T

T-ilhm g T-A + ATy

TrAIr ¥ XA +TDRA

VoA < Bh= E-{T &% A) — &% = B}
ParY Wy

PxTx AT A=A
TXT¥ol

T-(FxXAImg
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L¢ w A= i_r;.- 4 [Mukes's thacrem)

Gradient, Divergence, Curt, and Laplacian Opevations

Cardes3an Coordindles (5, i 1l
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Cylmdrizat Coardinates [r, &, 5]
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Spherical Coovdinates [§, &, &b
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IMPEDANCE OR ADMITTAMCE COORDINATES
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