5§ © : ~ CYULINDRUAL  Lo02D, ém’;au /

vt = The  gerersl solvhon o e Helwbolt2 etww " —f&
C‘J(Mdvim( (,-eorb\lh.ﬁ'k Su,sf-&m 7

‘ | (Vxe?) % (p4,2) == éoﬁ
{ \/\/\J - — ‘
k Conporedt of vechy  polntfial A,ov E .

;w.: vse the ivethod of Se,pamﬁ%n of Naviabls
Y(pd,2) « $(p)5(4) n(#)
Ao
> (o412 58 Ly
'DPi PD,: f aqt ) A
: 1 ;2
{71«—(“ + 3#\#10' *’—f-h#zj“*"falﬂ + | -61" :oj-éLL
4 2
Lot e LA e Aty ) XE=O (2)
& J Lo

Ths 13 The Oﬁ\l.r 2 - e(o,r\u\ebn‘i' 'fcvm
Tt musd be  constaat j

N
b_ z - Ice

Q, h 41k 2
W)~ €

‘ EUg\n; this wn (2) and mvhplyin by £ .
| be #" + Lot *-%i'»c(tlrf)/'-—-o (z)
\%’G\ﬁ)ismwtj G defeadert form . ‘”’"}"”"l
; 9" cemt D 9(P) = €j'”"
de 'z £ Mubiplyg  beTh 5.4“ of (3) by T,

1" ot s [ =] 20§ Reancll> 0D

\> £0p) = A, Tm(Kep) x B Y (bep) [ Sendiy warey - \;msxulwsj
o‘r C H o )(ICP/) —\-'D H Lﬂ(g,f) [‘Ovvfaja'hi') VS ‘llt(. C“L‘

l» G A 'tﬂ" ) G ~ gt -;fff 351’ )
W\Q) » A

é
J/ > e\.ﬁwwih. Wnwdevd -
i %t Wal solvherm 13 '
\ f —a b ‘\Q} _"ué
. W(pa2) = [ oM (6p) < D Mk /7J{A et Re _H «Be
: \/;:/\_J__ y or Tun cos (ﬂ - ¢.>)

/



6o ‘ LINE CweerENnT

CO/\SIJ&V ca 'vat-kavmm.‘c, bire Sowte on '11" 2 ax '\5) with
"b'}a\ cowent T, We wisk + fnd 1re vediated Reuds,

T

I

*

The coweat doraiyy s T - %IQMQ(j)) Se Thet e
radiated  elechrc 'PM\A s ‘

-

|-
E;.W T - w]ga'e(‘:" T 2

L Sine, tTre ;&zn+§"j

\

—

irrS 12 e‘i‘( -*l’(o“) (kr)

e Qb{‘ﬂu\f\
~—

E - [TV Sn) T2

Sirce % s not in Ae longifudinal  dicection (,3>) 1t PP
eren 1y 2evo . 'rkvs)

133 A%

= - ’{% H(kp) T 2

We See et the 1evotn ovde~r f'(cube( -ﬁve"sv\ 's T#e fetd
Veralon  for o e Sowee.

This ‘OVob(e,m car alko be solied \USiig < rodal GPpevoack

‘0\7 e_ﬁcm«h\ﬂ? T Lields M +Lvm.; efF (',_/hhelw’cn( waveys
and oteiuhg b Ttre lire  Souwre,




540 DIPOLE w (Avgeed MEDIUM

§ We krnow bhav o Al 4 Aeid due b Cowvents  da we/w,ob
space, et  f Alec o medereds e sent 7 T
{*Y‘Obbvv\ of finding  tHe ferds becerres

MOV (/m/)ol.’c_qv‘c-l .

A L‘O\Nuwlz Mb‘&w A KMJ JHMS L\M '{b "e:/\A 'ﬁfz 'A‘CfC‘A ")QS\'
ore  guh  Sltuaton 1 o Sowce oVt & j‘”"""é p(are. As 1H
mederie)  eaUirontent Beiones o M{"") qRV\AA«} rediaded fie (ds
also  becones ot tawvolved

led's bole o Ate 1915 Fidwz By o mindke. bhet g
+re 7.e,r~era\ cppvouches  +  soluny, EM (Pohlens ?  There ove
Severa|

@ Modal mrettod:

A. EMA L\wyxcjg.ms Solfions (Orﬂ\c’oml ‘R—v\C'HMS) Br ench I on
B Meddn bounde condltions b Pud wodes
C, Metedy modes b sowee B fud Ffe wav-c sollion
- fov conp lex W‘crfzx{nh, nodes mut b Madehed of ol
Inevfaces  befween  difreatr media  ((“mode etz hivg ")

@ Greems fnehom wethod

A, Fnd dle Greds furton B 2 given  confisnolon of
e fedel  resi ons

B. L-L,mk (mv‘\v-;wv\'k SW) 4 fad Wl gve Sol Ao

@) Nuwverdcal  Metrobs
- Mode matehing - nuwerieal ..
- Oreeny Limekons <> Mop

-~ Dixretize  diffvehal cqm:kori - FDTD, FEM

In ovdev & we T Greews
reed b be able

avbffrcw) lo covlion and

Lomefon  metrod v
T fond At fzid dve + &

orientafion

a /m»obkw/ we
/Oow.']" Sowvee o‘f

. }
Frd E(P &+ ot
Surce oy P

)

G (#3)

cm———




- The sowte > a €

262 Dioce v LAYELED MEDM%
we will do This b a laperd mediom:
EA) PA
6M—\ M=y \g de ot oidin [qus
)
ém—'z, Pm= 'E(ﬂ & Fed v arbiton vesion £
to e P 2! < Some W pesion O
e"\)t'l'\
\
€ ) P-tv))
é—.N’(J’N
| Gng 15 Twis wefd 7 For seveml  nreasons:
® D)plﬁ Ondenna, i (Gﬁmi wedivan

e maode]  andeana. ’ﬂws) we

Can  Canalyne cndemen  reudiedion  fn 'pwbh-n
which  cen be  Qppvorimatkd as a lajered
prediom : 1onos phert
anitvee,
. anews,
o .
I alar ete.
Cortn J )
Eori
@ Prmh.,?,:‘v\7 microshei p and ottes— ,o(anaw ctvedts o

e Convae cuwvent
e
,A on Trace . LT,
LT T Gl & b T
\ wad pla vee leyer
E feld.
@ Buied object dedecthon
aw civ
_—
Z Cenbe ed o fwmd  veder fleids




560 Dipoe = - LavieD reED.

Twis vwhlw~ & o 7,,,.,:\ exavple  of the  conrecHon

560 mmodevial o $63  ( covputmtional

‘ BEM), Antme we
can fnd a  Greens fmetion v Siven cowﬁﬁm'héo\ of
mot'kx?uls, we cen e 1t oy a bas's v & Newereca
vethod

mediva ((ﬁvﬁﬂé, d’?)
’//.;,

- . = -
v = 10 (635

+

AL 2 -

On the conduchr Surfuce, W< (Ermd * B jpm) =O

Y
~ = - -
n¥ S)“Hgé'js = ’Ei\\vm

This s an

M—\tsjml e;?\,c.‘,\e\ Hed e cern  Solve Vtwve/ic.ally,
M‘rc.ns:}n‘p‘ orelysis g fhuere I”"“’T"S/ for Mk) we This qP,oroa;l,




S€o i DIPOVE — LANFRED MED, y

: chu e‘o we Solw This lowob% 7. AS = /V\M7 ottey S:W@hbﬂ3)
- The et 3'k1) s f Use 1t Sy mvedree S of T [oveblem
Fo unvih davn & formm P, e Solvhen,

Snee fe. meadtriel s rv'iw“rmu7 Symw&/*‘c obot +Hr 2 a.su's,

we will Wwe a cj(mclw\‘ca\ wauh‘hcﬁ B e HAeids . Uux
rew Tiat

(07€?) E(p 4,2) =©

G ey ‘F"’\M tle J:'Pok_ The 7ml solvken o This
c%va'he\ﬂ n ey lmdrical Coovdimates  for ore Conporent s
4))

Ealptd) + £ J105A0)AL (kup) [ Emsntmtd s o costmsi] ™
'B,.(k/) ﬁn(n\)(kpf> [ém 5\%(1*\4) x Hew ws(md) erlh 3

* tevews of H,f,ﬂ 73

‘ Ny
Now, we clont reed e Hoo tems ), smee (’{m(?)(kff)’v 1%/67”0
represents a  wave traveling  An tht —p divection, Foruerts 'f"u
d«t‘pp\c,. Sltre 1he< are ne  reflecteny bock fowerdy Tthe ‘
Jl’(cm‘c, trese femny Lanll be 2ers;

4(50%"( -

T Menkel fwehons  gre  debred by Y e Tk 1Y and |
: Hw“)"jm" 1 om [V devms  of e Bessell  ond Ncump\n Mf(w

: m Maﬁufhc freld il have & Bum, (er 'ﬁvm) ot o th diferent
Lonstents 1Hhan é’, 3

The veet siep in + Use This forem  Fr e freds  n et
layer of Ale edim

A= M-

!

L=~N



C
S6° Dirovg w  LAYSED MEPwm

¢ : ¢ )
Ere = £ (a0 g p(B) Euntd)e ™ 6, _(8) 5*0)6"*?"}*45’(*”)

Hoe = £ (0 § G (6) G @) €M7+ Dunl9) fewls) € 1§ Ho lre)

W Tre ¢ gb,ﬂr\e\u«f-e IS [V'Vf'x‘ vt E‘“‘w, Fm,éwic’t‘ Hem.
Nok *l'k:* e ’hﬂ. "9P WJ bﬁ‘bh Mms)

g = Dv\m =9

M

A-'Nm = C—NN‘ =0

éé(wce trerc ave only vaovA Govna  LyAVES i~ Tle e (ﬁ'~7¢r end
| ctovwniwend Gone  iBrES v Al bottor (byor.

Now |8'> v anotler 57«”"\0{%3 Tor e flrvbilnm we  wall
- ook at e Jq(;o\f. 1S PerBeal ) 5o Hre  Relds i be
: 5yw\c§ric tn ¢ , (ﬂ\vS ) all e ferams 1he
Wil e 2eve  except e =0 b,

Swwns Wt MM

Eep - S JK,EA‘,, (%) e ¢ < B, (Kp)e"k"’g H.D“)(W)%

oo = § 400§ G (6) €947 + Dyu(ur)e ™ § e (kep)

D ety chexk He runver of nlenguwas ﬂer( are  Max N+ N?HMS;
. %o we  have

‘ L\-(M\—NA— l) - 4 wakvouns

iBow\Auj conditors ot  The Mx N aterfaces  give:

H (M * “\ ei\)aﬂw\s

There ove  eveuyn vetionn ~ gel  The Afrelds moald resion s

once we dederrmive T fretds ir remen L= O Bt et
of fHs ek b alread,  besn  dore e Fory, sec. 2.

meciomn | Guves  THe ‘V‘*“’m“ '}El? i Heg  helawe 11t -
fbm, waves et e pq'\\‘-, ' -



warnick
Pencil


S¢o DIPOVE —LavFeD MED. V
T ordew b makn  Fhe we vl fmd Ay B G end De

B no legers (m2N=0)  ond dren 048 reflectons due o fie
‘ L.'m beelt n . The reflechon coefficients i\

sowu

\/v\_J

a\me\ hewvt
\OMM Cordi tons felker b  cccomt,
Free space (M=N=°) | Verhcal elechic diple (VED)
Ep e 8w [T4 22 ( 47 LSS SRS
Fr o \P -7 )
VED
L ‘e
;\wy[i"l"a .G)VIZ
urw v :
‘Usle e Semwerfrd HM\'H‘H ¢ ) Ej ("-7'15) "~ f(awg) -
u) 'k?'%,
v-—'
S'o}w\c-\\ wave = Sym
‘ T of eutindrcal waves ...
. %%’ t29) ! ] |
—wp IR 2 27 kel2l
E, = Sd(z,.[ b ]_‘Lm ((‘(')[l-k:]@'

k%22 kpt

3 e E:
de [._ by TR tp J HOL\) ez ) ¢
S , S (Gp)e

CTak? A vel#)
AR L

- Now Wt  cer

gex Ao () in

Tre Biprens on A Eo o
f cowpm‘v\) 'ﬁ't Yo c-'—fnabions. We 9«) ¢ 7

TL ’
Ao (o) = iﬁo%tce

~
o
n

P.=0 (ﬁM‘Z H?‘OJ


warnick
Pencil

warnick
Pencil


S¢o - UMD on  HMLE SPACE ’T/

We will  vow oAt a dcpulc ~ a kol - ~space ("}"wo leger wed«\m)
- We wit do fhe verheal magrehe dipsle (VMD)  siee T Wufwu}
'. s o vt E.asiey Then fhe VED |, :

On 2 520) i+ 15 Shawn That a MD of sherath ML s
ctsvlval'&ﬂ?’ £ a Cuoweat /oop of area A ond  covvent I, vt
ComA s -—iwy TA. '

By Tk dvalily Theorenn  (uhich e wall Covwer n See. SUB)
e Cen 7-2/"‘ Hgﬁ:c\VW‘D’ﬁ‘m E&'EYAVED

)
VEp. Eg - fau[ T } 1 () €'

PRUNT N (%
J
G (2!
Zi—rmpl’e ]m (& )€
i
duu\H») HQ. e Vivaleat
E %
' ¢ I]\VE'D - 2 ump T QD (orveat leop
TA m A —wp TA

A\m— +  add 'ﬂ-( M\F—sp«cc, all Wwe reed + Qlo \l% LM(WLL
a reflecfon dorm  pader de tndemenl

umpe. Hp = jt‘tp [*‘fﬁfﬁ (1~ R—'E>1 k) €0 F
hoof ~spaec 114%
mﬁmu b nlerfree

: TE ¢ince E’ ta Xy pth..-;
Jecol fom Ko thet

2 e — Kz Ko cond, — I Lo3 By
(3 = e —"
Koa + K1z Votos Po = K cas P

The Arel skp is o approximebe This inkyret v el form o

- Brom T d";ﬂ?k. To o ’fk}sl we reed To vec
‘  conplex enalysis erd asyw}ph'h'g Mmiesahon ...



