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. e

= o =¥ =
{deice v dedesninen Campos E=E(m.t) e B:=9(Aa,l) associados
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_ Viwps que s g icwlan u{anda ) de e ¢ onda

nc(o-l’\omo(cjiwm (046.)) ¢ dede pPon :
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- - 3 =t - \ -3 =
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delimiledo pon Eno\n-le.i.ncs (supm{;‘cics}
Ege. (145.8) ¢ (146.2) :
> siiad > fwla- > L miwt
AiRAY =  Jis e (d"m T@EN e e 2 RR)€
4w \n-n )
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w ) ¥
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c Ny o~ (3 I L J_l
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(148.2)
Levnbnan Eq (23.3) ¢
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(148.3)

: Po{en_c_iae we.lon negqice PNOXIMG

Siv Con  Casd es-ld.wlico

(tilibra




_(Li)_ﬂ.%mb_dj_s_{a_nLmebﬁc_ab)
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LW n
- - - i
L Compos E e By m’_&iao de nadiagao
- = = " -
noan = E e ® B dinegdo v=n . E
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/ - A A - -
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{funcgo de Gneen eq. de Helmhotlz :
(V5 w2) Gr.A) = - 47 $(Z-a), (152.2)
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4 ~ 45 n Yem (09") Yom (.9) (§52.4)
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nolan :  Eqs. (146.3) ®(152.4) = Eq.(448.3) "
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_ﬂ,' '
M-l v T e ein® e Yom (00€)) Yam (8,0)  (152.8)
- = o .ﬁ,m “
n-a'l

I vl (vefo. P-12.47 An{u(m)

notan : Eqs. (146.3) ® (152.5) = Eq. (§49.1) .

(tilibra




'Qadic&ggpg de dipoko géélnico'

yayos considenan o ‘(mmo v-0 da expansco (151, 1),
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4R n J 4 n
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Fe (Y = | dar J
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Obhs, - ecmbna.n EC{.(.MS 3)
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volan : Eqs. (143.2) ® (153.2)
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CIGANE K w o (er‘;) e. = cjyg (Rxﬁi e
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(154.4)
-~ _ A Wi - i¥n
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L J<ey - }AoUJ" \ﬁfsm‘e e dia -le.mponc(?. (155.3)
Z ~ i
Jdn 32%W C Polencia inncdicde /dQ ~
N diS'lmbuic'.c-B an % vlan nodicgeo .
nn‘{an JLP>/00 HAX . ©= T/2 ow _h_ﬁ
W Min =0t ©: O Ow v KL .I:S
-
. P =~ : Canaclenfs*licc no.diaq.c.i:
s ~ T " !
{ . jull® . de dipofo :.Q.e."(nico
~ _ _,/ —_- |
C l ] { GGG a e.miiida.,
1M FAT
= ( . ( G wndy B o E = 4 =2
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L

Exencicio \/e.ni{ican que  LR2ap 1 : ohm

i “ Rran = SN}

-di,-;ﬂm'n de diPngp m%gng’iicq e g'“g,clgupgea eee.'im'cg

vamos  considenan 0 ‘lenmo n=4 da expansa'o (1548.4),

-~ : 3 - =2 -
ARY = Mo e (i) (c}n,' (A J(@)
41t n X (AS7. 1)
-r—::’
= Fu ()

MMMMM% immos (‘}is‘lin-'os-:_

o 4 L (0W) cowmo
-r - - y 3 - 1
Fiw (AY = -ix (d?h_' (Vvi-nt) Je(a) = -i Z (dn’ Jo (A g g
: 4
—_—
-
Zjnjnj = Q‘i (157.2)

nolan : Q.\\‘ » denson ondem 2,

Coend LAt = L o[ Beng s Tams Ny & L Jeri - L3
1 7% 3 ~E > =

= “ {F\itn\ + Jl rL\\ t ‘ {Ein\ = S\ﬂu\

'2. A J 7 ~ [\ L4

tilibra




LR = ) (dm [ Fias o Ropld) v | (o3 { i meneX o iee FovaEy

3 2 ) A J 7 z ) N TSy

”Zs) P (&) .
] \?.-.' s 4(_nson_§'tm¢-1ﬂi(.o = Ql\i k "e.hsnn Gnli-&imelﬂi(.o

\fer\i{icn-sz. ~ Yao_m‘en-[o Jde A momznlo Oe

C!L)f.- ciuc‘r)hnug)oeo Lee.'lnim CJ-'ll'meo ma%néffca

(A)
(1) ‘{tnmo Crnli-simz.lnic.o i\i}
Y\o-(tm 3 Ert 1€ sewmn abg fhen = [ 850 Sown: = SimSie ) Jenm
J \ ~J N
= Jong - Jine
J J

3 -
4 %-. )(CJ!L' €~CJ.W\ Il.(ﬂ-') M E. .= 65‘1\4’. M
/Compunenfe W
- = T
-(nxd
(Ax3)w \rﬂnmm-lo de dipnea

mo.ane'.lt'co, Eq. (32.2)

LAY . (A ] A -
Eq.(LS?.Z) : P tA = - Q.\\Jﬂ.:) = (K e—ij«. nymw s (® (Nxrwm)i
Ly . g .
> Fe (A) = tKx(nxwm) (158.1)
- =¥ 2 A - l"-!’-'n &
Eq.(193.8) : A(A) = Cxis (Axwm) €& : _nodiacgo de
4% n

CLipoQO mac(a)néli(.o

()58.2)

055. + e dnen Eq. (145.)) =

-~ =» & _iwt i o -iwt
TR = Jtaie e B2 pEY % G0 \

- -

" Eqs. (149.2) e (3583) * Cownpos E e B p/ nacajic.'o de nadiacav

~ nadiogéo de dipolo maam.’lsco.

tilibra |




= an 2 iwn
BH@AN = wow® (AxdIxn e
4 v
(159.1)
(A 35 1 KN
E () = - Cpox® (Ax @) ¢
A A
volan =@ E e B o a : a «®ow w?
com poenon qu-a. (194.3) e (M329.3) - 1cmos que
- e - o
_ QBopuae + Yc Eppgr ® p — /e
- =¥ i
Eoio Wae = -c Dozt ® 7 = Wm/c (199.2)
- polonizacco & de ondo ~ campo e@ednico E
€ ~ (3x€%) == é b Pec\no df-{mido pon Ve m
R ~
® }_/J’,
@D
/’ Wé’
/ il Companon Fia. pa. 1S4
m L7Ta o <O
3 R siwt
Ex.: ™) = mr_.lw e Ea
. LTS ' 2 A
Eqs. (154.2) ¢ (153.2) : B (A) = - Hok®msin@ ©
4
i (159.3)
- e
EM (R) = cpow® msinG ¢
4L
Eqs. (1525.1) e (153.2) :
(A) 4 D2, 1 . l y 1
d<P™™S - Uow' Imi"Sn"® : conaclenisdice (159.4)
- _
Ja e C nadiacco  Similon

dipo Co elednico Ltilibra



t i

jqumgabjﬂo_@_emid&

(PN . }uom“ L% (160.3)
2%
< Pp, ¥ b o iF 3 \* = -
Nodan : DivMaG > L | .,_.( 3 } M(L) <<\ ps nadiaced
z * c X
CPpie. ELS < VPl P f nﬁpﬂg
/ wave Cenadh
j @)
eq. de conlmuic}a (22.3) : (160.2)
7.3 = -OLp = Jfy ~ wp
L., Compniﬂ-\znla
chJenfsjico s:'sJe.mc.
(s)
(i) ‘J(c.nmo simélnico QQ’
=~ - - = _._‘.s -7
como V-(ﬂiﬂ::f) = (\7—3)(0.'(1\51 o4 J(ﬂin\il)
J — S— R
T iwpe = Niey v Nje;
i J “J
= CwuptaY mal + 9i(®) s+ Jom) N
| J J J
[5) o] 3 = L N 2
b i = ) (rfu‘ (O WP N A+ (C)J‘L' 7. (a0 3)
d I S J
z ) y
v
——————
. - = ) 3_-
[ rinTn.98 #2—o0
(s) a
Q0T L W (dn'on’:n';
O] 2 I J

LevnDnan ¢ ‘}-..nson momem\o (JL. quc;c)nupoeo cfe.'-ln:'Co,. Ec% (24.3) :

B = (cﬁ\/?m;n: - 228
3 ] < J 3

)

o)
\

tilibra




@)

)
e B wn £ L PR e oS e 5 B bl ) o
L A) 6 J d J 0 RV /

= -iw / Sy s Sig (r)n_’ ﬁ.’zo(?{:\\
6 N °

(L. (s)
Ba. (157.2) & Fiwl®) = -ik Rirni = -ww (8 v Sa2)a:
\ J [ A 1N ~J g } J
- N = A
Ly Fe (A = -»Cg.l (n- SR Z.n) (161.%)
- - A % 'u’n
Eg. (a3 ) 5 A(r) =-wmuo(n-&+lﬁ\el
' LA /' n
24W (161.2)
nedicgeo de quadnupolo
'.e.ét:'\(nll'_g_t_)
_Egs. (149.2) e (163.3)
-5 e : & A —> v ¥n
By o wleiis B (R8N
— n
24 oo 1«(3 ow Ut)-% _
(V603D
B ey o oyt B d&. pB ) e
Fi \ / n.
24™
0bs. : polonizeceo onda € ~ %u(ﬁ;(ﬁ.gx) :
" Sobne o {‘Dov‘eﬁcta wedit e_mil.'da.
Egs. (190.3) ¢ (J6i.3) :
4P . uow | By (Ax (A€ )| (364.9)

on 3270.36-C

tilibra




€,

__iQJJ_L_{.L(‘.Q\;S_&_q.LLl_L\L%ﬂuQ_;_

P> - pew® T 18"+ nadiages lolel

yasese S

(162.3)

Lw'\i-lidc.

aolan 1 < Paoad. > ~ w*

<

- =
<O&UA3.‘> ~ W Z_:;\&a'\z L.JLZP ~ /L\/ s
2 c

\
LP) \»

] . simi%n Eq. (160.2) !
Eois 1P~ lp o Vi~ Lo, ol

Y,
T

{PDi?. EL > 3

M&L&mﬁv\_&j&lamc Culo wl'mnson mnme.h-lo de

qUadnupneo aéé-{nic'.o ¢ dado pon

it
‘a.-‘;,cn % aiiim c Bz B2 =-%80 € R,

Q3> = o + Bij =0, i+,
o ~J

(pr_caso eslgdico, vele exevnplo 2.4, Monion (dois dipofos

alinhados e apeicac;ab 4.2, Zepawite).

nesse Ceso J‘tmns que (VGJ;’:- Ec{ (163.4) )

LA x (A x A1) - 2 1Rii\*n; - Z 8 R4 ﬂ’;’ﬂz
L} lJ

T T <
-L@E(nnﬂz&flf\zz\ - ‘Go(\-ﬂr-ﬂ,z-th?é)J@g(—ﬂf-ﬂ.;ﬁr’Zna\
q rd 2 rd z. rd

7 z A .
-.-l&.,?'(ﬂfq,ﬂztﬂai:‘Sﬂa\-
4 R Memeses—— /

L3 T
G foh b 3na V= a30s )
1 4 ~ /N 7

9 85 0% (1-n3) -

9 Qe sin‘e cos?O
7 4

((tilibra




@

Eq. (163.4) : d<Pamn > Juow“ Qo_sin'e cos?e

3
1% ¢

Jda
(—\\1/7 2 CO.nac.-lmfalicc
— V/ Nnediageo
L\
(/N

como 2 18y = 56?;/2
J O

(=

b Eq. (162.3) = <(PRuaD.> = Uawb of . fidiucd doled

3
G607 C emidide
Ohs. (W) ¢ Ne discusscd _ccime, SQ" considenade  umne dc.p_g_nc)_aﬂ_qic

'lc.moonae haa mdnicea RL_Compos £ e, Enlnelanlo
—L_puﬁ_v_;_.gbijmm_w_cc_‘m—&__;_o_as_dmuao__
| wmae dtr::enc}cn_c_;_g_‘l'_empaac Qab_jzlﬂ .1._,__V_§:5Qﬂ_6._15.9¥3.%_._

OYs. () : chbu Secs. 96 ¢ 93 _Jacson pL -lnclc.me_nlo Sislc.mé-‘uto

r.xpa.nsdo MUQ'Iipo@m campos EeE(0b) e 3=:B(FC£)

- -y

Venig'\c.c;-s-‘- que 0S Canpos E e Podr_m Sen ¢-¢Pamdidoa

e tenmos de  hanmdnicos e_S}(e}u‘cas \lew{nniais

Xewmio ) = 4 1 Yem(0,9)

JZ&TJ \mome.wlo anav@m
—_Sevndo g i ex Go [veia E A

= mnwmﬂlus (es{e'nfu::s) de mueiipoéos e.ec-'«(m'c.os e

maanélicos (%ehanaeizac‘ab Eq.f?&?)).

(tiliora)




-a -———l_-)

NV amos Ve {i can Eq. (1l62.1)

\ \
7 re | J

no'lcm‘- [Gﬂ(ﬁ*(?\-‘a‘l]] = Eig Ny
¢

>
(\ﬁx (#\-‘&\)

“

"

n =
Gi\i}\( Evpg 0 p (n-R o = E_l'\le-G-'-&l?c! Qaqm Qe

(Sip%:,q. ‘%iqlséga) quﬂiﬂp'ﬂ.m

Quen 0 Am = Qim flm (Zjﬂz\

e e

1

o A

Lulﬁx(ﬁx(ﬁ-aﬂl =

S { Bim Niaivtm - &.‘mﬂ,m\'( &:r},ﬂ:ﬂqﬂ.n - &‘;gﬂ.u)
A B X i I

¥ «
= &J“‘@"-?’ (Z.‘ﬂ?’)ﬂ:‘xfmﬂaﬂlﬂ + St;m‘&:e NAynla

M —

N .

* ¥
- Qi Bia i Am la - i Raup nidmnangs
J /-‘ 1 1

¥ ¥
= &« @ij\’\uﬂs - S;J_&jm Ninj 0w Dm (363.))

Eqs (363.4) e (163.3) :

L et R TR P ( 8?«.&:\;’ J(dn_n«.né -

S aa
3

4“/3 &us

- @;é Q:m (c}n NiNng Nw Nm \
J b ?

S

e

“Rfie $ijSym + ik Sym 3 Sim Sy )

UKo w€- 4T ( YA IQ-.H-L - | ( 2iQii 2« Quww + 2 7 laa;l""\ v Lq. (162.3)
Kl 3 \ "3 N 5 \ "5 J } L3
32W- 36C- 3 =0

tilibra




Ex.2: Sivwu 156 onsidenacn Qﬂl&ﬂa Cincan,

Mﬂw&—?‘a 156 )

- iwt
T(z.t) = 312) e.'

T(z) = Josin_ LR d/z
W= Cv
dad b s & nadiacco evnidide
Ohs. * Caso r.:onli cvlen , ¢ Doss{vcg- dc.']e.nmiﬂan AR) “exeldo"
RL G Ne Go_ Q. pgﬂ_ Cq (149.1)
= 2 &
Eq.(k‘:"s W® Ty da — Jzndz'z .
-~ ~
d/ / noJan‘- N =22
“ - & —ikh 22
A(rR) = }}_J-o g ten (()z' 1'(2.')&I z
4
-d/z2
d/z
i LN -ikz'cos ©
= polo e {-rJZ' Sin /M’d-'llzl 2. 2
i 2
4w &
-dfz
\/eni‘l[ic.m S

£ pe  21.ei¥0 o

{ ol Bl Emse Y= cos (¢d ) \
X —3 / )
zl,.ﬁp ‘(L S[ﬂ 9

-
Eq. (149.2) * Cawpos E ¢ Y

o4 ﬁe.éicfo de Nadiacad

B i v x A

cw Ane) (AxZ) =

A
- X An@) sine

- i - o N o F A
E(R) = -cAx B = (ck Aae)sing (AxP) = - cek Alne) sinB 6
)'_\ng,ﬂ'. pgeggizggg—g Q\ndg é ~ é C‘ P

~

dinegoo antena Z2 o« A !

tilibra ||




sobne o PO‘{é\.Y\CiC\- emi\lidc..,

Bgg. C150.1) & (450.2):

dioy - a2 N.4=> = ptc tﬁl"
9 2pe
2 =
= C pe Jo | [ cos (xd cose) - cos(wd) ) : (165.3)
7, | Nz / Cz 17/
g Sin"e
d(s4n1buiqc'o anaqun polancic_ médie enidide
notan s d<®>/da o wd!

Cas0S Pmlicuemc‘s (v'e:."c‘ Sec. 20.6 , chaw iee)

(i) Kd = ow d= Nz

" : "
ah-le.vv_ de weic- onoe

T~
/ L

-d/z +d/e
Fal. (JES .3 ¢ d<P> . cbo I: ! Cos'z’/'lf.c.ns_Q\
9n gw Sint® X /

y 4 c)ic[na Quiges enqulaon nediageo
|

" v
(i) Ko 2% ow d= > an\lena de ondc cow\er.-lc

A 3(2)

AANIVAN

Eq. (1653) ¢
/ L

-d/z

deRd - cp 1 e
Jdn  2w* Sin°©

tilibra )




@

_EA._L__;j_p&eth_m_-Ln_md_m.qpb EM_pon e.S-genc diee nice
pr delelhes \/{_jh Sec. 10,3, JacKson)

ConsSidenon : ¢S {mc\ diclc fm'cc Naio & , pearissividede €,

Cen 'Lf\o = onigem (L o.cuo ®

nadiocgo EM :ncidmi;—__dm&g,cjo_d_q_paapgéanb_ﬁn_

Nl
[ _-\)e
N

h'D'L se i ¥ 0L " yave e scaHeni 8" (166.%)
v O1le NG o\n& G \%_ﬂl ThA

S, V
9

ideic c.sPc.‘hc.mmlo . nadiageo tict dede
by induq.a'o momen‘los de osci acan R
mu@Jin‘:}oeos c.ec."lm'cos v de Mueiipoéos

¢ yoneané 3iCos c.s-'(e.na

L> ewussao nNodiagco

!

nadiacap es pe lheda

L- X ac pAocesso de e.spgtégmgm{o ?

Ve wmos considwan 2 casos,

(1) _nadicgao inc:den‘e poQanizcdc.,

5 Pl
\/L'[On Jde PoQani'z.Gc,.ao Co

Levnhnon Eqs. (B4.2) e (87.1)

tilibra




t -7
- - —iw) e, = =
Binc (R2) = Einc (R) € e
A
s No
-~ = N iwt
DVine (AL) ~ Binc(a) € s
G2
bty -~ n = l. I?O‘Fc =2 A~
onde  Eweln) = €oloe i Ko:WNo & w=cw
(367.3)
~ A :“ 5
Bince(R) = ' Nox Einc ()
i
bjpg‘lg_s; (166.3) => Nadiacao ~ noadiacao de momenjo_a
pspallnada_ de dipolos e aies 15’ e
maqoncflic.n m_ induzidos
Ls Egm. (sGa8), (154.3) & (15350
-y i
Becax (R) = w*f (AxBrxd - L fxm)e "
X = / n
4i o
(167.2)
- % \ . =% - N s
B gear () - - Ve % Esear () s Y1= N,
aodan 1 Wine = Wscar = W
sobne & E.*nm(%ic. da ondec Pécuna iﬂc.ic)e.wle.
Eq. (85.3) :
- ,_..‘, A '
(8% = 1 [1Einel 0o
2/10(:. ‘
-y :—‘s 2 : -
Ly < Siwe) Lo = | | Eol i enenagic iﬂc.:()cn{c /[ dnec. - Jempo
2}1‘0‘1 U

*sobne a enenaic da onda Ps{&hica e_spﬁlhada.

Egs. (150.3) e ()50.2) :

tilibra




@y, ,

déps. « P ATl a%a ( e 1Bsent’a )
da Zpo }

-

e, IEsc.M'\z' % % (168.1)

Q}IQC

___consideando Nadiagao espalhada ¢/ polanizacao mﬂir_auLe Con €,
__Eq. (168.8) pode sen escride como:

A

d4Ps = at 1 | €% ‘E,sc.gj \2 (168.2)

Jda Zpoc \ s_inclui po.QQ-ﬂJ_Z-QS_O_CLﬂCU_QGﬂ-—-—— a0 Ci !

Obs.: ¢/ base B nonmcl (&, ez, €3) :
- 74 -y F.3
E = 2¢(eci-EHe:
Ls (B : Jelé et

no'l‘on Eq. (le®, V) ¢ CnEnéia e.milic)c- /42\(’090 . dn

__delinicco : q.g-p_d:._c.b.o_qy_c_dj_{_eacncicﬂ
z A => 2 Ex. 2 &
do - fa{Ssent > « At L€ 'IZSC&Y\ (168.3)
Jdo \’?o- (gimc.\» Ig,olz

Egs. (1672.2) ¢ (168.3)

doe = K4 \ | Y & o ehx 9388 1% (168.4)
2 s, w | } cC |
da (47iCo)  LEol
Nodan : - dv/da &2 «KY ow 'w"

= nr_5u€.~lcdo %g_nc-ﬂ. P/ }'\ipé-{csc (166.3) \

tilibra




-

_c,m_pm:ls.c.y.éuL,__fzz_Lsfm_L celidnice € vebun , msl cown, T
_{am_o_s_q.ut_bu.rg;a_ég. (4.56), JacKson)

o 4w Co [En-y \o? I-Esm.:. . momen-[u de

D =
ken*z / dn'QlQQo ﬂéé:‘aic;z induzide

2z A A2 »
| 1E* Eo! . p/ _nadiagao a’hcic}enwle.

n ‘2 {
di ‘E' ' Poeaniw_c.da : (168.4)

(i) Na dja_c,ain._j_ns.j_d_c.nic._nia;p_n_eqmlzadc ,

ideia_: Consideren & Cl'io e

d dzm&wm*sﬂa.«:_&_dm_qgn_pnﬁaam@__ﬁﬁ

peerd pnde. €5

. ~ N A ~ ~
Considinaa sisie.mcs Oniononmcus (€, €e. ) ¢« (G} ,€% &)
- [
=X &
C"}R\G<

& -
P B

€2 €y =

2N

A - —
>

D
5 >
O

v
D>
]

~y "
no{cm: EL =@ € pec'nb e_spclhc-me.h]u C)e_{inido
’ A ~
pon_ YL e Yio
r ~
E.'z Bl 1 _h " " u 1]

tilibra




A n
_como _€Co [ o, pedemos estnevea

A

A »
Co » CosP ey ¢ Sin{) Cz

Ay ~ ~
s = E3 = COSOEL - SinB No

\e

Egs. (168.3) e (168.3) :

- A o 2
. nziéé. Eappel™ o dfgl | Bhisil 120 Eel
Jda \é‘:,\?' €Ent 2
= cos?p cos’e
Lméde 1 wieb | £a-3 [*cos’e
dinecao €o & l€nte
2 h‘ -» 2 ¢ 2 Ay A 2
day =JL|E_,\,;_&5_QL\ = Wi9ab | €n-3 | LEN" €Coll
da | Eai® leamel
= 5'11'\7"-?
(170.1)
L o Wl | €a-1 |”
& \Gr\*Z— ‘
P
_Lembnan que > {Cos®PS - ) JP cos*p - 3z |
dcgmiqn?a + polanizeacco da nadiogad esmlaclhcda,
() = JdTi/gQ - Iw/dQ (170.2)
d¥i/00 + dou/dn
Eqs.(110.8) e (170.2) @ G((®) - sin’Q
A+ cos’O tilibra




@

/(@)
\r- - -
/"N noten + nadiacadb espelhcda
/ . \ 100% polanizeda p/ 6 =T |
/ : \ ;)
T/y

‘o seccao de choque cﬁ|manchﬁ {0dc ¢ deda pon

_JLi_a_d_.L_*_:]m___jicL'_ﬁa;_i__ a \
4. Ja  dQ EnnZ

s ik nofan : dT  Hin. p/ 6 :="/z

oL

S

_‘Q,_s_g_gq.@_d_;_gh.a_qu_a_b_l_&aﬁume a -J(E)JLYT)G'\ :

(da de = 1 w%aé | ga-s |* (ded? sin® (1+ cos’e)
Jn z [ €ns2 |

167/ 3

= BT K46L6 | En =X Iz
3 leniz |

tilibra




