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ANT.RACT
bz Ins w*we guded the rodar 6ots ecnons ofthe
F*ztly anAtcans sphzre @d detaaric jttzd
.qhent ftspe.dveb. Ihe elecn c od nagnaic neus
ae defn d ln ead, reglon 6) ,Sng tha eleartc and
aagnedct?4or poteadals (4, F). Thzse plendaLs are
etpreed b! uSttg the Befsf'l @d Eard.d Jxn&ons
d4r8d b, eadt rqlot . By aSrE thec eqr?lsions flte
,ano&adc atd bl9onc raddr cross-secf@ts rwre
calatlabd uco.AryIu A.s ai atlt tple, [te noftoszdc
and blsradc ftda, tos-ectons oJ a F@ctly
@ad!.tng dterc lx *arlned aiA h salsnvfty
@elynsnatu drc ttdu peaneten 'JN,O,e and f.

LGhi$
Radrt h€d€f kEdthin bdnkm€si ile ngli f'lit6lrr
fqo'h yllada badm$r. ctuMLtle ise degi$ft
taldiHs l.nndrrEts ta(h h€d€f lesitini! daha doEm
bir Eeldl& elde s+lnesiii f.llFlmt h.i'- Bu
@oleth radd b!ff r.Rirlnfn hrsadddaenda
dltrleliL JtaHag@ls! r€ d''€rik Eetodlrln Lnnhfr
Ft€ldato4lr.tll-t3lXarh t€def Leiririn
hfiEd'm'qrhd' lnftmlh 8eleo, 6ac|Lm.!€ toFIe
dEd ih&l€ri d"bi* yadetder hdlmrlgrE& etde
€dil$ilEeldldir Getr€l olrxot !i laldso y6menile[:
gF@8rrik oFdl<, fizil*.I o@( irt€tal (htl€dltd
eodal teldiH€ldir- Yrre dhtfi! aa.dl6la. sa{lla
af@ h4t8llsdr $r alan y[z€V obfildn etidrillet
to&lh'Ehb$klihlrd! @nrnFye tdl'irfr Enr.

Radd h€dd lEsitl hlgFli@sda knn'nh
rnaodt r b6dr.a iki ala ld$ftEr. topleabili4 tar!
!6?rfi i€ d€det6el ohfi.tr BotrEdamda,r tad<dle
gdi$n&o toz0mler, BDElta Japrlrn C"l'Spda ide
otr8rttrlen 'La" d€gF&rt i{in, dalg df,lleffii. crl
SFod lhldl4d h8Bkdle hsbir tdge igin alrn
tEdeleri el& edilerBt lEtb hedd k siti

ARADAR EEDET KESTTi
If€rbdgl t h cisoin Etb H.f 6d 6a9la{ aldra
gl& yo&ilolugtua geled alsf,n gnt yoglnl4utra
d'@r olaat rffirffii.rrinr. D[radar bare,ksne
ladd h€def kedlt hsH ile rads era$rdski
tathkrh h4glmfr d@t hepr,@hihFh€rlir[4l.

Caoel olatst ladar heddkedti
r  , . , , ,  , 2 1a= Lin14! f  lq l - / lEi l  |  ( r )

o*riaO",-"'1il-r.'"O. nuaq'
r : g&ldi eldas ile dlid dEstr&ki ozatllh
Es,E, : drarnt a gel@ te saglrn el4ldi-& slsde,
ifrde €tmpLr€rlF. Sap.to ate, gelta areirn dtu ile
iti.iLgmai 6o!B.ir elde i,$LriFdf:n, rndam dllt
gelen ve satdan 'lnlffi rodmr olag& tmmtffi.
(l) i6.kir'r. de belfuded geleo l1g 6a0 e alarlrr, eo
geoel @hdda dlrnln Mgftary@oa cid
stdrdrira,i.lgn|nFd&@'c@4 ci$i sydnldlo
dalgor! gelt! do&!br$ ile 6a9tla! alanm d!tsulto$
odxddaki a{q€ ba{L olet d.EiF.h.,ri'.

Ce(sl olaak fadar h€dd kesiti v€rici i€dof !€
at@ LaDnnlsnna bagl ol,rlk aisB&}l Saldll€irG
r,Fmltulifir:

(i) M@odaik r8dd tedef kisni Gesi &{!ha brdef
k6id) : Atq ve vtiicirh dynr dotsutu& oldug!
(a{) erurxda '*-r* t€ddkeilidir.(Sek -r).

(O ltri y6nde radd hrd€f biri o=t8tr ol&& d"rl
durEfi daki.adar hEdcf tesif idi(.

(in) Bilrarik Edar hfdd k€sid (ra9ct h€@ k*iti):
Alrrl ctuim ve lrriciEin birbn&riyle g.kil-l'de
belinildig bibi ftrkt loEndaib hlun&& tu@&
tlImlalla! rdh.bqkf kRiidn

3.AJTIN iFAIIELEAh{iN HBATLNMAIII
3.lJleltrik ve Magndik Vehnr Potlnsi!'€lteri
R dri t€dH:ke<iddn betirl€dr€si@ kiheded sacdds
trSl€ffib nicdft'n€si ldltnia l-boydfu, elceaol
sitrrlfiy€ 6ahip trb cilin olra& b !3rhle dige(
cbirtrl.dn !a&r b€dd l(edderbh 6s9lna
ozelftredrf llnlme.ind. ttfeaer lAplcr Olrrak
rllrl@d rgsrndan (meElidir.

K$rset Beodgrl iFrto lr$leolE eleldiotnaglgik
st@ deg€r Fobl€mlerfuir &e[ i bn $nrfim
olu$lrrm8hadrdll. Sdz&o@s ]rFldtn bn h@t
$eta$t dsqarM gsri blrn losm dirlddik
Dltlzem€deo olq$nfabilEcldedir Ek aleas 'rF
taraindan &g€kle!@ alar ko!ffghasyorhtl

2t9



s(rzkonlsu tlp}1 bir eDlr deger troblcmi otdak
analh €hekle elde edilebjlh. Bumda lEFfm
Calr$Eda bn kuiedsr msydfia gel€fl sagllma rd
gercI lla lfadelcd hesaplanam& bfirlelrm€ye
Calt$ mSr. (sckiL2).

$€kil-t.Monogatik ye Bisarik Sag na

Sekil-2.1Q.€sel $tllm, Ceonelris

Ele ahan ,raFrtrn sllrr )ee_!i ldre d&Eo igir
saq fia ftoblsrllfui kitresel kmrdinabrda incelemik
drha sygun&r. Buada dt kir€6el gcomeabe thip
e r deger trotteminde elelirik ve mrgnelik atdld
hlrcscl koordindltrda saglnnaldrr,

Protlloi bsitlc$irEr& ans(r ile @ra@ lsyDll
ilere€digini v€ layrFz otdr&r hhl e&lil!-
Eleidikalrffi geo3l96ddfi $ tekild€ Fahbilir
E(r.o,O)=E (r,0,0) 4 + Eo(r,e. O) ae + Eo(r,e,o) a{

(2)
Bu clddlik de ifi&si ldt€scl k@rdinalatti!
$]lmlrmts sisg&ki &19 d@U€dtid Eagldaldlr:

rv? + F2) s(r,o,+) = o
(21 iI3 blird€o eleldit rln iftdici
drf,kltfiinde ]6ioe ktn bgu dnEdda

vz(qa,)r-prE i. 6a)
v2(ge s-e); -P2 ns ie (4b)

v'€{ ao) F -0'E{ at (4c)

ok a& bir bottq detitt6 gend &fga deatlemiDh [t
bsb sktir &lgB e6idi6h€ hdiagnfur€dgi glrdot
Bn ddllmth dalga tbklrdini raglsld 8fd ifadel€si
hdlnmm-ftdd'.{F. Btl gtz ldhe al@& titl€cel
yspllrr tddindbn,&<&l"le Sferli ale kdg!trae
yod.annr loesad@ak i{ia hr8da yaFld cat'f*da
el€bik r€ Eagletil rddd potodyelllti (A F)
kElsni.@r. F ve .{ lblet q€lmMrz dfdtlediDl!
Eefiletr t orltud sidEttrindo @rtlhrrfitr. Bdylelille
tr kiheye gsb! r€ 68tdd gl@hr, TE !e TM
modldrrllsffpclp@isyomdfu!eldcedil€bih.

Elsl(trtk vekto! F@!dteli{A). ormda oagnrlik
akle kdynakls.Im hl'n'D.r!F (M{t htna ra$ta
eleldJik al[s laFalddrfitl €r oldrF tahn0 slllda
r"frnlffildift. Yine. Ihgn riL !€ldc! Fo&ddy€li
(F, dlsdda eleldihel oh|a kAdal&Ilnla
hdlmsdrts (J.{l hlna ksrEm totgltiit sktrD
k!}rrLlaim r€1 oldlBu kstolf almda
rnn6lm.ktrdr.

3r. Ve&t8r Pot!trsiyenerin&r Earekrile Alan
hedet€dnin Tatrrdtlnms&
Eleldlk r€ @gtsift !€lln! Fdansifle.i hll@rltlak
el€Sdxtk alln bihEded k0xesel l@ordlna{6tb
rygdaki F&ildo'4nlnEhtli':

TEr lto& igid afar i&deLri (A=o: F= Fre.):

E. =0 (5)

_ I I dF.
ts! - --+' e.r slne d6

- I AF.
'  E . r l i e

TM no&r tgin €ld iftdelei ( F = 0: A= Ar.e, ):

-  r i- '  
Joe  p l

t-L"
al

.u^) (E)

-  I  I  A:d
"  j o s p  t  & &

l l t zA t

(3)
dsfga

(e)

|pen V6nde)

i(DEp r8ino arad
(10)



Itcrhrrgi tdr on@daki t6du eleldrik rta, o
bdtg@ Tg w TM ddlrrnE olD$r.&*! elddr&
elmlatu lar€tgl€
h6fl'DHlir;

Fn =F.,8 + Etnt ( l l )
MoDdtik 16 bi6ariL rad.r Hol fesitldinin
belittldfbdlr$l ilgilenll€d tnlA-ll'li elebik ve
rlagorit& i€ldor potlutyell€rifu tmlnl@dst !"
(t){10) @@ls! ile ve.ilen al@ ifsdele.itrit
h€sFl.ffi ile frrnl'nn olaaa&r.

4 BtR rdrRENiIr Dfzr .n14 a4166 tr .n
IryARIIJT'ASI
r - a ,s4a!tu bn hFedh $ekil-2'de g!,$eddg gib
z abgultlsEda ilif,lej€Ir bir dtzleft dale! ilc
Eddsll&F lah edl6in Ditlem &lg!

Es =q q =Eo cip. t. ()2)
y€zlsb n D&lern &lga hlesel koordinalhr& ise

Es - Eo e-.lA.s e it (13)

4 = q @{io. fr[,]6,y ej 1cc or et,

ropU- uf^ e A' i'tOre.S"Uol,
Er =83 +E' (221

i&desinden hlldall€ b'tmb,'lir. b! ie q b$ay atd
hn&ak igt! topl@ aldn onir yeeyi (b8s!ta ktl€
ytuefl, b$:\e sf.a eilt ol@!l gd€ldElrde|l
tIa€ldlq

rI - E8 +Bi (23)

(2.riE;-E6+El, Lro,*4o*.
)€ztlabilh B|.adab \r c" fsa}rl6!

l*nra*r,]-
I-,,rr%",I

-  i  " (2o  + l l
- o(B+D

dirSir dzler! drlgsm . s6!sE sal.lda blr6cl dalg
folkriyor a'Inrn taplr.lEr ile i&dc .,lil€til€Eeg lBhdo
altuda-

i-  i  o/r  ̂  - rr  -
E =q) J---l:i-r-::J"(F nP"(cos0) (14)

A .

yaztlsb nYitre egt€B dl@ kftesel koordiEdadaf,i
hiJe$edar ciRi'da 'fad,Li $kildc tsz €tdti.

c, --J tzu:"+::: j l+L C26)E(b+r )  IHy , {F14{
4. q (5X10) bftdldiid! )€.tue kolot.Ell a&d
tile€4led hlsadslml$d.

42.Dielekrrik Kiirsden Sajrlma
Dielddrrl hlrenh $rsdtl8 d4mdd re ieindeki alan
d31d$ gdzdtibe ,fil'ft. leh6r lolsnsitrlltri fa
lekilde i'nmln-hilir

r>otdgesitrnq

F = Eo:I3t e, Eg'Gr)pJ(co) 127)
" \A 

-

A; = Eo =jI>d! frlD(Fr)4(cos0) {2s).] -:

r<!bolgesiigia

f =aff ie, irof"..r4<"""0r es\

,t' = aSir" ;" ro6'14(o"o) (:o)
Toplad al@ is€,

Er .Es +E" (31)
den liaralgl,e brltElbili.. b" r€ c! kdfayl''Irl
hdl'lak i$in topl@ ahnm rmn y&eyi (hnado lfre
ylzgyi) bEn,d€ $rekli olnzlr gEt€ldg!&it
baelrede.

h; -Es +Ei I_."e n.".orzo (321

E ;  = c 6 + E ;  I . , , 0  e " o . c . r ,  ( 3 1 )

!@tlab n lfrdelq yedne bEnup dr,alditle.
-  i r ( 2 n + l l
-  n(r+l)

: -  -  =  -  ( 3 4 )

Ylkarda tdmltu dihleo dalgatsjr hrrtk ab
titseni sxD3ryls TE", TM oodrdaki slrr
bdle{enlstoe e$fecirse vetr& polsi}eleri
'$'gd"ei ptilde elde cdilii

rP =er=:I i  !  {2tr +D j"(pr)P](co5o) (16)

ng = e" S-Q.lr-.,, o +t)J"(].)pl(cso) (t7)( ' - -

Brllada-

Es =E a ,  +Eg4 +Eiae (15)

l.<po-rpoi,tpo o8)

p]t*et - *tp"r-.otr (re,-  d l - ' -
Cbme gel€d bn onifoo dhlo dalgam ebn
tilef€olerini4 43. Ft6po&lliyelrdi hnbobr"ktra&
ed{6ik egt 9(2600r& hdurdulllarae. kihee
sa{1la aldla da yirc A:. e po&rjyel€ri
hllmrldnLiedi edfcbi[r.

4J.nfSkemmef fufLea Kil.eden Sagllta
Mlkemdel ildkEo ldhedfD binde alan dauaqr
lhlffirfi& g&ddhr almr!'at lEh6r po&nsitcfl€ri
$ !ddl& r"''mlemrdlt

F = Eo sgt c"fri:r(p D4(cose) (20)
. .,6iitp.oi rp.J".ar - irrr".G,ori G.")
.6 I rp.ul i tp.,Eul * I o,.truFp."r



".=-#++mh
, =-r"(,3+r*,,ff.
, __t"(2n+l)"8!Elte_ (37)h - 

nrn + t) [E(n1Pr1]-
€lde edlir. Baadd taEldl€ A:,q,4,f , (5) '
(10) babfildEila y€.iEe kot latal slar tril€Stnled
h€saddB4qr.

4$&r€sel E rsel vs EeLel FoBlsiyodlr| o
Sedni
R"da' hedd lFsitiltn h.stFiaffni", i93!.o
tu"H'P" bgr ol6!k Besssl 1€ lLD&el
fonlsiyoDlE@tr EarlEasi b0ye 6tem taslDtlqr.tr.
c@l of@k cfutfi ile Eozl€d nnha& arasdati
bdl€e O )ak'D a!st! bdlgesi (li) ,ra tdlee. (iit itzsk
slrs bofgesi olalk guFl&d'I! abf,n: Herbtu b6lge
kin Be$dl w lhrlg! folf6iloDldt bqdda JtId@
h.el€dede af'gd'ti ee&iLde eilfr if r,

o)Yalco dla! bdgesi:

r"to'o- ct.''[n'o'"n<0''+nir+

-q".') 
"dg''"q;)]

",r"r,=f,-rtgfffi
o,.,, -$),-,r. tn*z'r+trrtz P:.1-1,",',04--" 

fu' 
-' (z.k + lXtr - 2.t -l)l

Ra@r hcddt€dti tlsaFls88knnda @k al4nb6lgd
guiffie ahdgEdr4 hFada ele ,lrratr Fltien&
aiD tle n€.ilsn B€ssel ve Hdkd folt4lEDlan alsn
fi..qlil6nl4r i.knrlhrnir.

5.SONU(X,AR
M0krldd il!'k ldre igt (l) l&de'i &u[,at latlk
nonodBtit Edar hrddkesiti

obrzk elde €dilni$n MonMik ladsr hfru
tesitidiA (&4) re N'e &yarlrp ise aggrda za:'ye
goreromlizeedifmitol@kverifdiSn

o:t 03 05 oJ o3 1t !3 16 l7 lt 2J 27
. r l

8€&il-lMonod.dik lldsrh€ddr€id
( N= 10, 15, 20) (a - 0.003 n, f. I OHz -2Jo GHz )

iil>/

(3s)

(36)

(45)

(46t

(39) 9 .

(.ll)

t ' !
(t2, 

[;:
(43, ! oo

o 0-01 0r2 06 ooa otta otB oq oB o!9 o:lo
. r L

Selol-4Modrtilredahddflesili
(a /r, -t 0 ith drysl& ), 6{.m3 m

j"CI.4=lJ**.r)

.J,-  o 'o '*= tP' . , '  - .  | (3*)
[  2 I {2n+31  2 'A l2o+3 t (2a+5 t  I

[- rs.o' tl ')' I
f  

-  r i l r  -r",  - tEr-r", ,r- r") 
-  

t

t$.o =fr fxuo'".r0''-"]r *
*q,".i.-"rP."-.gy']

n=0 .1 .2 .3 " . . . .

(ii) Ars tdee:

J"(9J'=EP
1,a9'',=49-$P
yu $. r) = (- l)a+tj<,+D@ r)

q"(P.o -i:€tr-l)c". (B'r)-% ltP'r)

(iD Uzak al@bolgr$i:

(4Ol

(4) rmf ait tisaik radst M tdniDtD l,L o !e C'F
drt"rtrgr da a$gd4 ra''9e grre mrmatle edltniS
olont vedled $ekill€r& hceltumiiir

zn

! . 1



t!(2 a i r) -U, (9 r)
n1n+n fi[,)6 rj

"=-##F.,ffi:
eldo €d n hrad6 tarEt(etle 4,q,4,f . (5) -
(10) taErdlmnda ye'itrg koerlarrt al,' til$er eqi
h-d"|ffiFrr.

43l(|hesel Bessel ve E rkel roaraiyoatarorn
Seini
kdar t€def !€dtinh t€ladefirsrrdq i6aeier
E*ltb bag, ol@k B€ssel yB lLelr€l
fodlsiyonbnm .efr'-d b8y[L Br@ ,$'dkh'r'r
Cietret olaraL cisir ile g&lem noliasr liasdrki
b6lge (l) ,alo alsll tdg6i G) ars tdleB (iii) lz L
8la! bolg.si ol@k gndanellt{bilir Hrrbii b6lEe
i9b Be6sel !r H&kel folt3ioifan hlra& !€Ft a
incekd€de afg.r"ti rLltde sedlnd$o.

(tYahn slar bolgisi

L(E.r) = (p r)" .
1.3.5... .(2 tr + J)

l, tp.o' rp.r)o | 
(38)

[  2  f ( 2D+3 )  222 teE+3 r ( zn+s , - l

1 3.J. . . .C2 r-  l )

,- l \ .+| r
y!(P.r) -: . lp(a r).ccn(p r +ni).

F rL2
. | 

(45)
-qD.o sqp r+i?l

p(o.D=91(-r), cl::III'z'q ll,'n (46)
A (2.k)(n-2.k)l

or",o = f)r-rr, g:2:!:!)!?:P:'r'1 ' 1aa
f t  (2 .k+ l ) (n -2 .1 -D l

Rsdai bedef kasiti h€i,l'@lqs&. uza& obo b6tgesi
8626"0nF rlrftliBnrm hlzdo ele alrne Fabl€dde
(ui) ile !€rilcd Bes6el ve Hrnl(cl fonlcivotrlrn alan
r1FTt':@rmnd! trnffi lrmsnf.

S.SONUqLAR
MiI&eBid itsks lSrE i9i! (f) ihded h ddEak
tuonon4ik radrr lEd€f k6tti

#d:".un .[sr,<p.d-

ollEk elde e,rihi$h. !{onoddik |add hedef
&isitini!- (a,') w l{e &!a$g ise liogda 6a3'ye
go.e notnalLe €difdit olst kiedlni$ir-

t0

;  t  -  / \' r t  ' _ , , J - \ .

t . . !

(36t

(35)

orl

uA.2

v"(0.r) -
(!.rr

[, tp.o' tp.q' I
l ' -  rno -r") ' f f i - r"x3-r")-  I

t r -0 ,  t , 2 ,3 , .

(ii) A.3 bdlge:
. .^ . dn$r)jo@r)--- i  (40)

p r
, -^ 6irr$.r) cos(B.rl
JlG.r)=_.:.: .  

-: .  (4t)
(9 '0 '  P ' r

y" (9. r) = (-f*r..i{" +D(]. r} (42)
I

G(p,r.,=-(2tr-t)q! rG.r). q! ,(p.r) (. t3)

(ili) Uukalm b6lgp3i;

r"<o'.1 - 
u-Lln"'.r'ooo'. 

-.ll *

(39) i .

a3

N

eo
or 03 o.5 0_? oe ir 13 l.! 1j.tt \j 2a

r r l

$.ln-3.[tdoialik mdsrh€ddlani
( N- 10, 15, 20) (a = 0.m3 o. f = I cBz -250 Cttz )

r-r.--7/
i o t
g 0 3
€ a .

Eo,

(44)

0 0!r! o& 0!6 ola 0!5 0.6 o.!? o!3 c09 oto
'  . t L

Sehl-aM@r{€ii& |adorb€def tesiti
(a /r.+ 0 itnr duJio.tk ! sF{t m3 m

Kltrq€ 8ir tdrid.& ri&r hdd tesitilio N.0 vc o'ye
afulsdrp ab aisgda u a:'!e gore dar@Iize edflrnit
olrrak lailed $elillerde in"dff i{ir.

j" (2 tr +l) _U"(Prl
nt" +tl F*,rOr{-

ra("r)."*G.t-";!

x23




