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?ZE+ ﬁz,ﬁ": 2 X M +Jw/3 + é’ 17ze., (6-2a)

VH+EH =-Vx3 +jwem + 4 Vg  [6-2b)
Wl'te/e
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6.2 The Veector Poleatial A

T a sevrce free resicn (e 9. 2,,,,/¢o)/
V-8 =0 uH =0.

by Yhe vector identity Fe(PxA)=0, we

Can define By=dHa=TxA (GY) H

[5”6f""/f(’4"'m//f'e5 Fuat Fhis s 7he /arﬁ;n

of B+ H due to A)

By Faradays Law /»\///77";0)/ we net
EXé =’J'w,¢% :jw{;}(;f ¢-¢)

é I?X(E—;; Fiwh) = O (6-%)

D{fc‘nj The veclor l';/en?l'/?"(/ ?)‘(’?9@)50)

e get

_f; = -V —Jwﬂ’ (6’743
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é- Z COﬂ-f
I/I a;/f/:‘f/@m/ Wwe can 15 77|e {/&0‘/0/ }ﬁ/énf/'??
70  on (¢4 To ge7

Vx7xA= V(7 4) -
VxdHy = CxBy=V(GA)-TA G-11)
For o homegensus medinm
wFrHy) = P(¥-7)-T°A

vrd plansi~g in ﬂmf\!/(_’(' ) ao g,‘.ﬂ;

uT t wuaéE = V(7 A)-
usins (6-9a) + frzcué [eads To

T+ A = —a3 4 P(T-F) v T ume )
-3t 7[7-/71#_5(»/&&5] ¢%)
Nowy we detined the cocl oF B, bt sHN haye
The freedom Yo detine The diversence of A,
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Lorerts o e e D o e

9aw9e/ /
CPr I/fﬁ.&n

Voo, TR+ A =-M35
and E‘) ‘-:'?;2'5,L 'J'wﬁ'-‘—’ ’)’wﬁ*j;ﬁ;,‘; 7[1?/7) (6 /7)

— VA (6-15)

[6-1¢)
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J’/l a 50«4/&6-—7[/@2 rejfan [e.g,J Z"‘/ 70)
s

onm— -

7.7 =0 ¢f =o0.
Mffnp The vecter c‘t/enf-'@ 5’(/—'7/(15)50)
define Vs = -UXF (-1
QE; = -L 7xF (6-19a) #

where Yue 5«465&///7" g7 ,‘M'o/.f‘ef Fla?
This is The /arfm” J+E dne 15 F
gy /4M/6/6f5' LM«/ [u//j:‘; 0), we 56*

_7—)(;/—; = Jwégp = JWwé€ '“éﬁﬂ;]

g (7)([}'—'/; +Juﬁ-]~'f"0 (6-21)

Mfr‘ﬂj The vecTor 1‘o/en7L-‘7£y ﬁX('7¢m):%
e 5&’/' /3/; = —7¢m ,_J-w,Z (4-22)

/4/50) £rom F«/«//ﬁ)flr Law [w/ﬁ;c?)
/7/ - 3”;,,‘/2{ EXE; /‘é)?
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é,g &on'/,'
/4'/50} we Cam use fhe l/ecﬁf //5/17‘/)5/

p—

TXFAE = P(F-F) =T F on (€-17<) To ge?

-m —jw//:/; = ,_21,[7(",;),(7'7’/]‘
7ZICM nNsilan /6'22) d ﬁl:w;(,{é we Y
) 5 J A

T s P2 =—em + P(7-Ftjamed,) (-26)
The divergence of F lins nof been delined
To simplity (L-26), choose

7P e juue b > g o D (09
To reduce l-2¢) #o

73 +pF = —-ém (6-29)
and ((-22) 7o

/:/’F:*wa~w 7(7-7) (6-29) *
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éé/ 7T he Vector /o'fc‘,’ﬂf}ﬁ/f ia.—;&/lz

7o YCM&/ Fhe ocerell 746/&/ g"/ H Jue
+o Con'/'fo'éu'f:‘dn.f y(:fom }‘T \‘/9/ /2; f;/ﬁz/
The S?‘c/f;

,) /e't:"'e/j/¢c,’£} 7‘146 5”7 éOlan/a/)”l/A/Mé’
/{04/61-4 ¢

2) @) Solve Hor A usias
VA+fH =T (& -30)
D $olnTions boc A for recTansular
Cy /t’ﬂf/i':'fa/} v 5/4e rical coordinnZes

ar é cﬁ‘scu_s’fet/ i Sécfmn 3.‘/ 97[

Fhie Fext.

é) Solve £or F using
T+ F=-emM (30

> Solutions bor F for /‘ec'/'anjm/ﬁ/)
&}//;A[/f‘t'ca/l =7 5‘/Ae/.‘cc./ coordinales

aré 6//55“55’66/ i 5'86’76'&"7 E-L/ ﬂ?p

the TexT,
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G4 conl

3) a) /e'/’efmlne /'?:q an/ gq (A..ffnj

—

qp—

/-'_f:q = 7;7 /7/(/4 (5"32&)
Qna/

Fg=-3wh -5 =00 w/é 7(7-4) (c-325)
o7

£, =507 VXHy  (-320

b) Jelermine Z/ and /‘7,4 nsine

E=~LTxF (332
ant/ ,
He= -jwF -3 ;,;,}"7/17'?) (6-33b)
or
_
He = Sam VX Ep (6-32)

#) The vverall €ields are ﬂleﬂ) b}/
;u/e/fﬂ.{;t'on)

E=F,+E (67
/7 = /7,4 '/';/; (é'sf)
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T/anfl/e/Se f/ec,?"rom a;n&f/‘c (Tém) Mf/tf
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Jf'/ec’t"” G[Wﬂc/é /ft’/"ﬁaﬁ.&nl mp_ff OF%'fn)
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—
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77‘0!/!5(/6/_(5 /M_A_chfl"c (T/ﬂ) /Maféf

H s fransl/crfc 7o P /,‘recﬁ??n

ﬂy ﬁ/e Qaré jo/'nj 7LD ée é&n&é/maé/ W/“ﬂl
fM éénnl/nf/-—(/n/me //'ﬂé/ém S'j e.j.)
Wﬂ-t/eﬁufp/é/ q /C{’/lﬁﬁ/rj 2 < 0//;_(4/
‘7L¢9 anfenna ,7"7 a//oé/sz.

* /o/ /fac'ﬁra//‘cﬁfo'ﬂfl Wt w/'// 0/’/7

ExXamine 7746 /Cénnjm/cf g (1//,‘/\//:’(;&/
Coeor Jnale 5)/_(7‘@,,15,
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ég/ Transverse E/ecf?omajneﬁ‘c %ﬂn/t!,‘
Source-Free /zegr'o/z

A. ﬂecnﬂﬁu/qr (oa/i/f'na%C f)fffem
/45'5vame V¢C7L9/—/O7I_CA7LI!61/ /a— haS
/8 56/&476'4:»—; OTC 7715 'f(‘;fm

/Zf[x,y,z) = 5,{. A%(X,y, 2) +5//47/¥,y,%) 'a 3} 4;/)(,)62)
%lﬁ{' oM 5a7l/5 9’[}/ (é"?O) wl JT=0
7°h tpA=0 (6-38)
l/\/lld‘c[ﬂ Ca M ée ,é/v/[tn c/own I‘fl?LP S

Scalir eguafions
74+ fi A =0 (6738
VA, t Ay =0 (6-385)
VA, +f° Az =0 (4-38c)
Similacly, assume F hias a solalies
?6‘/7;*) = Gy K (yy,2) t &y 56‘1712)7‘ iy F (4, 2)
that will saliséy (6-31) w/H=0
7F LB E 0
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6.5.1 A, con?,
/6'70) Canm ée brollen c/(?wn ints 3 Scalar
C/i'l[\?[C/t/lf/'a/ cf“jwafivnf’

76 1% =0 (6-90d)
FrtpeFy =0 (G-90b)
D°F rfF =0 (6-0¢)

14// ﬂwsé, the Folal electric 74'.9//

— —

E=EyrEp =-jwll -}z TFA) -+ TXF (420
becomeS (é'ﬁ//)

/Z’: dx[)wﬁx uw/ (lﬁi )Z);, ‘ii'@ (‘)F; )]

A ( 2
f c‘y[ii“/’/ sz | 3,75, *‘),'gi (¥ -2 )]
+dk[Jw/92 J a//é[a:/f;% 3;% );Zi) J-(g_z o ﬂ

The '/"0"7[«/ m agne 7L/‘c 7[:¢//
/:/7” #/7,' = iﬁXﬁvaF—Jaﬁ?V[ﬁ’F) t-72)
thea becomers [6"/3)'
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6.5.1 A con?.

A = [-505 - ‘7'(-95‘— 9% i,ﬁz > “”,’* )
4l ot I 25) )]
J(ﬂ%[uwfz ~j Tz j:?;*;; 9.;;)“’ ZJ' 79%)?

fxam//e G-1 wuses (6-41) % (6-43) To fond AYF
6)‘//655:‘onf )[v/ g &n//:}; Mn;‘e/ 3 I‘e””"'df}
that yield TEME ppodes

A - 4o - - |
Ax//*y'/i=ﬁ/;0 5% #0 ;‘,9;,#0 (éff/‘/)
'42 = Ayl y) “r’v&* /4;[”;7)8+Jﬁ% (697 a)

LFz - szi‘n’) S + 5 {x,y)e +jF? (6-49b)

' _ 4 _ 4 -
o Ak’ﬂy*”z”’;’ﬁ“f'ﬁ 50 . +0 (4-45)
A

| Fz = R'(yy) evﬁ t F%'[;(jy\eﬁﬁ (6-45a)
[ —

\a - a -
o Azhy=Fe=F=H =0 3’;#0 %7#0 (t-%)

/

F ol As =4l e'ﬂgz + Az (v,y) eif* (¢6-16a)
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G. S| cont:
_go Ct//fné'//'/(a/ Coorf/;/\afe Sysfem

Here we assume that A ¥ F are
Alp o z2)= Zz},/l/fﬂgz)f&}/,s/ﬁﬂ) tés Ay (489 (19%)
Flr09=38.L(n02)+ 8 (r82 + 84D (649

fhu?‘faf,‘;;[y ?ziy—v‘ﬂz,@’;O and t;zf+,§z;90
wl\en T=Mm=0. W:th these, The FoFon !
E(é'fo) and /7/6'51) are

.4 ! WAy , I L[L I ,m}
E-dpf-soly -3 Sl 52 L)L (65 - )

t aﬁg‘J”ﬁ¢‘JUﬂ%a¢ '

PaN . , I
t &%é-—dw/};-—\) Waf JE

~ { 9(6‘) .L‘%__FZ Qﬁ.},’..’-
+az{"5“’é‘J@72§i Jf%*f o Tox) A/
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6.5 B cont
Exam,a/e b-2 uSes (6-50) « (6-51) Fo fLind

Expressions for /T# F  that lead 7o £ vH
71/‘\&7& )/;g/a/ Tfm/maﬂc’f Mrzt/!/ BScemff/a_S'

Ag=he=F-E=-0 L 20 2 to (6-52)

he = Ao H D0 + A HO (g (-529)
Fr = Ba i (6P + 6t " (g9 -52b)]

/_1{0 /’Ia::”;é:/’z: 6”6;0 ;é;‘?fo ééi #0 (6-53) J
A B = kP s £ tsong) o539

wo| Ao=te=lozFsF=p 3,¢0 %70 (65

F A=A K™D + A HO(B) (657

/'/07‘-6 ;> IL{,[‘()) is a f’/an MC/ Vfwncf'oﬂ o‘lf ‘é‘rS?L /l:’n/
of order /j H, {')[x) = 3, (x) +J' }{[)l)
()

- H,C) £ a an/ée/ 'lct/lncf;'on ot 53604/ /lir\/
of order I, H' ()= Ji0x)- 31 (X)

—=> See Af/enﬂ/b{ IV @ad ("/”‘/) +« [/(/’/S) 'For Mmosé ,
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éo .g. Z T/an5‘ Verseé Ma?ne YL’“C ﬂ/éﬂéj . 5-014/(4 'F/e& ﬂf?"’ﬂ,
//om ne, e,«/n:’ff)aa: 7[;/ /7 7"/”‘ é/(é"ﬂ)

\[;/ fec'fanjw/‘/ anﬂ/ /6'5’/) {;/ C’/{'ﬂ///l‘tﬁ/ C’ﬂfﬂ{‘nﬁréj
A 'f_fovr\S(/erse ma9n¢7L)c [TMJ 7[0.6// 7'/;( Lol

5}"5” irecl. e, k/)// hhl/é Z (./}ﬁ\ A GOm/anenf

e nhf 0//'/cc7(7'an Oﬂ/y ﬁn/ /Z.’?O.
/4. ﬂecfanjw/tv/ OOff/fnaff _;/fotm
TME E oy A, (,y,2) ¢ F=0

Thtis /ea&/f 771& a € 5?“"76"” 7["/ /7/"33)
7LZ> /c;fucc (/0«/’\ 7L-7

72/42 ‘f'ﬁzﬁz =0 (é's’é)

Tn o manver similar Yo Chapler 2, use
Sepa roativn o variables To write Hs as

A lu2)= $0)G6) hz)  (6-S7)
where functions £, 9 « h talle The formis)
gicen by (3-284) to (3-30L) in ChopTer 3,

né OLu?v‘ce 0[ S7L4nl/f'n5 mwALe yerSnd frarﬁznj

hWave "L‘mnéﬁ'wn.f W}/( J&ﬁ&n/ 0N ﬂte_
//\y{!wc/ /raé/em,
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é‘ 5 2 /4. conT.
E}‘am//: - WIUWL k/ﬂu/f/ ée mg a///o///a%z

/7 )4»/ o TME pode for a
fcc+anﬁm/4/ b‘/lu/ejm,‘ﬂ/e, 0/»‘6/!7((.!/

alons Yihe 72-ax/is (See éa/m/)?
VV
v

(/]
) > ¥
2/ &
= Fhe Fo Fae melal oalls @ x=0X=4,
/=9, cnd y;é) the TM?® vave canm

ol /f‘ofﬂja'fe Yo The x- "’)”C/V‘g”‘_"”'f

5.01 hsé€ f%ﬂn/‘tﬂj wma € ;0/M7Lf0n,(
for $(x) (3-286) and 4ly) (3-29b).

= f/m./cvcfj ﬂe 7’/712 hWwavt C&m// /r{/ajﬂf?
(N 7‘743 + Z'f(/frcoﬁ)v,tf, TLt!/‘c 74/() UsSe o
7"(‘4,/4/,',-\7 hat 59/7'7‘;;’;4 V[r;/ 14[:2') (3"30&)

A2: [C, cos(B N+ /) S;A[f?x;qj[ézcos[lgyy) +”7,5m¢7»]
k[ Az e3P+ 4, P (459

where lgxlv‘f/?’f/gzl :‘ﬁlrwb{é /6'5/3’5
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6.52 A cont

Once A=Az =6 550 96 h(2) is ftnowm o
56/¢&7L¢6/) ECcm be found Usins (6-%7)
and H wsing (6-493), These longish
eGustions with Fz0, yield fhe fellomins

Liel/ éom/onen 75

TME Aeclanoular Coord. (4-57)
1_ %A L JAz
@ L)W/€ 9)(93: H)( }’
) A LA

£, = S, ,;,a%% Hy = o Tox

¢ s
5 d:/jé" ‘)ﬂ? +ﬁ /'lz) Hz’oé':/ﬂzif _
Where 7”&*/7"42 =0

T_/ﬂf A = Gy Ay (9,2) = Gy F0) 96 hlz) (6-6%)
F=0 (¢-iob)

\ TMK ﬂeG%ﬂnjrA/ﬁf Coord. /6 6/;
E,=-3 ,/(g (‘9’4“ +ﬁ1/};,) Hx-"Ob’ﬁ’z,,

) A L A

Ey‘” Jwﬂé .)xé); Hy'_’//‘ Jz
! )2ﬂ‘)( ,__./I' )/4’;(

KEZ ) CWE Tz f = My

where 7 ,4)[ -r/g",qx =0
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é,il /4. 6047(7

F=0 (6-¢38)

-

| Tﬂ’ly ﬂecfangu/ﬂf éoara/l /é’é"/)
L_ 9/, Y.
E‘:"JJ,ZZZ‘)X/}/ Hy = 5222
2 2 By
Ey :‘05:72(%1;%‘+f;'4y) /’IY/OKOI&CJ
.1 PA H L 2Py
E;"Qa/ﬂé Jyd2 - A Ix |

mé aC-]L(An/ l/n/ntf 7['9/ /4)(} ﬁ// ﬁ%}ﬂ)lf{
b\/;// J&f&ﬂ/ e &éfmn/ﬂé}/f/"(ﬁ//ﬂ?étm

jeamcf/‘)/) m;,%&/}a/f) ¥ frgjnzmﬁ/,
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é;o é:; 21 Cl0w17t

19/23

8. C)/ /r‘nc/r:'ca/ Coor;/)nafe 5/57'?3”4

3701"/‘/ 90}/)5 7‘L¢ Cénj/;/g/ Tmz a s Yhe
T/ and TMZ modes are not %y/ico/éx

uSe&?/ /anﬂ/ Mmore &om//!,( ma%gmnf,‘cﬂ/&)l
7,_:/}_7..-? A——'—: &\; 4;//,@%)
F=0
l,;//j:-;ol W e gc?" fhe 56“/&/ b—ave e?unﬁ;ﬂ

Vh + A2 =0 (6-¢P
A?“’("j nse Sf//ﬂfﬂlﬁ?n af Vﬁr:‘aé/ef} Jo

Ay = F(2) 96 h(2) (6-69)
W;\é/e f:/f’)l ﬁ/¢)) o hiz) hace 5o/n7l;’an '/éfmf
Glven in Chapter 2 by (3-674) to (3-69b),

77'\6 fn/f‘Cu/a/ 640/6(1 14/ f) 9, < h are

waafa/ é(/ The ﬁ)‘ly.{teu{/rdb/&m (s) bc:‘r\j
canf,‘afere%
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645.2 8. Con-/:
Wit o form Yor Ay selected the cocresponding

E(&*f&) drz/ /Z/'/&*S/) C an be Aun/
[‘/ememée/ /E:O ¥ 4"”4'/ =0)o
r —

7”7-2 C}//:'n/f}.ca/ Coord, @"?O)
{ A,
& = Smz AL Ho=% 7 55
A _-1 JA
E¢'awxe/&¢;% H¢~A/';’;’

4
| Ez= awff(g = pA) My =04,

?)_{/LCHZ}C l/'!/MfS YQK ﬁ[o' ﬂ?) ﬂ) a.n//
\/’Llé V’/?Kﬂﬂm/n éér‘lf?‘knf:( b\/l‘// Ao./hl'f

/A}/f/'tﬂ/ //‘vé/tm.f,

0V6fﬂ//) These TM mode Field egualions
Con 0/50 Ae #ﬂwn/ bl/ 57‘?1/76‘/\) ,,./,“}'/Z‘
ﬂ\t e/éé%fic 'll;e—// COrv\/pﬂgnf rA 7‘144

[/@51'/‘(,5/ c/f/cC?L/&nj e,?‘, nse E% .f;/ 7"”7?
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6.5.3 Teansverse Electric Modes: Soucce-Free Region
In a fashion simifar To the T modes, an
eXaminalion o) the 6’7«»"7‘—/;'15 For gj/fe.)
(6-41) €or rectansular and G-50) &, cy lidlyical]
Jeads 1o a Frangperse electric (TE) field
n 6 9iven dicecTon To have F with o
60m/ﬂne’/lf_0’n__/71 ‘h Tha? drrecl?om gom A /T?'— O,

i ﬂecfan 3;,/;./ Ca&.fa//naf‘e S}rf‘/}m

TEX = =0, F= & Alyyd = G50 50)h(z)

TEXIZCC7LJ(A3M/4( Coarﬁ/, /6"7‘/)
( : 2
Ex=0 f/x:-jm(i%*ﬁ&)
Y LA
ny«é——;—‘ Hy’ Jbwme &x;y
F :_'o._-l——- JZX
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