.7 L\F\LC}\OI%L Pistn bu:hb’n D The \M’C%G«Q Gabua_?”lmﬂ Al tha methed o-p movnents.
(Antennas  3le, 14.2)

The fumd amente® 1deo be,\r\\n& the meihod Gﬁm")an*a et
Convert The m*ecz/zc& eabuo‘aoﬂ.\ whidh arise n momxé amtenno—
pnob ems (dnangp__ distributhon, redon chocs Section, e¥c.) into ac

set %) symutomeows. eqg ofrons which Comn e so;oec& lolé com puter
+ec\/\rr\!°\)u—ts.

410 Tntegral E%uad‘u;viﬁ amd. P Method of Moments in Electvastatic s

Corzader the electric Po&g,h«\nc‘»\ Vata pomt- P dute o-dnoor%e_ Q.
<

— —

Gme

For o- hine o‘bCJ\.Oﬂng. ojD cllen sﬁb PL then The potential V ot P s
Tha integral of- tha ?Lﬁﬁﬂ“"tﬁ& from . pomt changez over The line

f EL(x) dx

L& TE

I p_(x) w mot known two reprezenie om imiearad egqJoton



Cxomple 4 -1, Change Drstr bution on Wire,

het tha line be am 150loted QOﬁdAAQ\’VHj rod, or wire of rodius au amd,
length 2= Bou on which o totel changa + @ hos been ploced, Since ke
thorges vepel S mouy be omticipoted Thak the c.\ncwéc will +endto
S{POJ\OJQ oamd. prle Up an The ewnds O)D’fko.. rod , making m&\mgb
distr bwhon PL_cx) Uswig om o memtad numemca.p kech nqve
or moment method as om mtro ducton to nteq rad eqoua,ﬁons,

Solunon -

DividL tha rod of, (ength L onto 4 segments wiTh each segment o) ?Q:m'th la,
Y
as shown below so that A= 8e.

@\ @7_ Q3 Qq

LI Z 3T |
AN T
xR _—

a.&.w./

Let Hhe tolad chonge on seamimt- 4 be @, ; The changeon segmant 2 be @,
B ma t Q
y Summatny  Qu=Q, omd Qu=Qy,

Assume ThoXr all o +he rkwgg n ecxch seaymemt (s concamtrated in ov circle
on tha sunfac oy fha .aeé/mnm’t ot s mdd.  Funthun assume thot we will
observe (measwmsd) Tha po‘\'enuo.i X vonouo points onThy ams o% The rod.,

Tha Po%e“h;x&af Pom& P\Z

/@) - PR VR Y
4Weo chzmz V a*tox e+ 9a*  |a®+25a*

A el P RV ot ~ vl = "z}
4rrey [Va?+3az  YaZia2'  atal’ VaF+da

The b6 bound volus problem Whare V (PQ) = V(Pzg) sina_
Tra \)0+en*{rm1 must be constamt glong tha vod,

We com 'ﬁ\me%UOZtﬂ, Thoar expressions
_@.1_4—;_% F 82 & _ &, R/, R , Q
{20 a Y10 o {20 & oo VYZa VZoe Yioa
G |
I - L
Q[ e T® ’T"’J Qz[*'i_ mJ

®, {0.27077_:(: Q, Eo. 3‘1088]
Q, = L4436 Q=




You., com conhnue thie procass d\u\dmj tha rod inte b omd B Sejmgn{“s.
The resulis frow These. caleudations oo S hown below.

3.0 T g sesm,vx\'s —30

b (L segments
\

‘,4 seg ments

As we see Ha chu\ge. movues fowoends The ends o)b’ﬂm. vod.

Thas comloe done Wore. gmmo\\ for N segmen%s o% en%Th AX

=L P"“) dx Q
4Te
O
where tie. choage om ench segmamt 1T Q= L 8% 0= N

omel The, totad dﬂrm%p.,on {he LoIre 1S
N

s
Q = Z_ Qn
n=
Tho ortgrv.:mﬁ m‘ce%/\oﬁ’ eﬁ})uaﬁon Q) Lovn Mow be wr’xHem
v, = Z o R
whoe, J amd Tpn = JoZt (x- x)z
4ver

x= oMol &\s%emuz, o} doservaton pomt m
¥'= oonial dstana g sowna powtat mddé o) segment 7

n=|\ n=2 n=3 n=4
:DL)SQY‘VGhO'n ‘ Ax

points “— ‘+ __‘N m="2 —~r—
c\.{ ‘Tn)/ R
LR S

%ouhc.o_ ?u\n'\‘.s/




The com muw be writlen in meXmx notodion

FQ_,,‘ *Q(z_ 1:’5 tr )-”J QJ \/\ "
A1\ ’Q'L'L 'Q23 ¢ JZN GZ V’_
O P POV VN P O

!

- . *
w

- .QM\ 'QMZ 'QM5 /&VMN QNJ \/M

(o) (@] =[]

Tho v viow N e%)cxhonS, anw known from fha %&ovnd‘l\j,

Vi orse knoun bouvdony condutions, Qp are the umknowns,

For The c,\nar%eo\ rod, 3«émm&+rg says ‘hat N\= %
er\d./ V“:\/Q_:ng,,,

For 4 SQ%YY\QT\(‘S o< we stonted with thus veduces to

[9*'“ Ria ’Qla RHJ Q, _V
’Ql\ 22’2_ 'QQ-S ’Q24 Q3




. \
14-11 The. Momen™ Mefhnd (nm) and He apphicathon™s o wie amienpel

Concidan. a short cubwder of radins o isoloted 1n free Spaca..
let oozo0 €0 the vf current = en%‘\m‘\% on The sunface .
E-0xIS

£-0XIS
L2)=k(z)Zro. ™
T\,\ whoe T(2') 15 the cumentfilament
ot cunrrent at-2/
./ o
| |
Rq:)aco_}% bg oo T}u}nﬁ\ovwwvﬁ‘
Povml\e\ 1o the Z-ois -
E:“proé_*vv (ﬂ
’R' T scafon. (:»ofevz*’?“w\.b
Vector potential
For current on\% n i'd\md"b”l
E. = —w - @Y_ 2)
* J luo Ag B’E‘

. oo
The. c&\uerog@y«m o Ay is specitied bé‘ the Loreniz conditom
‘ o)

Ve A 7—JUJ€,O \

gong  dhe e v
DT -
TQ\‘LEQ% ﬁll derwo:!’”“'it:. *’,Urn\ YQ,SPQC‘LE Z
D22 D&
M o_ 1 22A 3)

32 we, dzz

sx)\og‘ﬂ%uéw% () wh <2)
YR jwpAe

2 T joe da*



¢ A
E, = j———' : C):Q + w /erOA.zy
=S I XA
F2 jweo Bli PA) ¢

For a current element dz The yector poterhiad s

dhs = I(#) e—jﬁr dz

&)
471
whana, e-\’}@r '

= = Gpt (e dree space. Qreens gwmciww)

r

- = W/(Z._%/)2—+0\,L1

2+ = observation PO\;Q“:

=

SOWN g PQ\ .

Tha electric Qe\c\, {rom this current clement (<

= - . ‘L('?: a . AZ.’
dE, J")Co < &;i '}‘@C‘r;y

&)

For o_ econductor oF ?e_rﬁﬂ'\ L, +he Yot Sleld 1g given Lg m%?m:\—vvf* (6)
+ ge ‘odalmcfmhs ecjouoj'ldn

| P
_— B T (2’ / {7
27 Ay |WE, :l ( 5-&1 F Ga ) (z)cléé

Thic W The. rodiotsd _Q_Q\A duas Te Z(2) which 1s dugho & soungfied Eu/
Wheh . J%Q\mjlké dve To o ‘s\mi%a%&w O”PP\\é‘d 15 “thas amtenn ol FermMin LQS

On omd INside . corduuctor Thara cam pe mo E Leld sa

' E == Eq_/
LQS\JC.\}“\@Y\ (1) wen deﬁdec\ bé ‘\Qc‘,g‘\\ng‘m o~ 187 However, his nel
appropriate Lor numericol work,
Q\c.\n‘“f\oﬂdf (\°\b>> hoos é!EQQM'\" 1otz -) amch. e - QY\"MQQ)\ 63 o
L'Form yrore Cuu‘;“ob\ﬁ 'I‘or nuM TN CoD COWPJQ\‘HN'&

+5

_ Ato - 1 o
—Eé ‘8'!'\'2:) f’_ e;‘——-% [(\+‘5(3r><2r2—30\ +(52&2r2 I(z)A'Z, (‘D)

2

Where, = = \)g@tz-)z 4—0‘2‘ l the c{ls')mfn(b b&wm sounce am'iL

observation pomnts
L,=377 52



In d\m&?ﬂSlm“CSS 'FOY‘M ’\“\\4“0 c_cbuoj'\:hq <V \)Q_ Y‘Q“(&JT!H‘QT\

—V=-Az2 E(z.’)
+

-V = —Jzo NZx £=) 3T . -
T 82 { L+ j2re [2—36})] +4 ai}I (2)Mz,

NI

N .3
> by

~
A A

V= Utthage developed bé E(g’) over AZ,

Rt—wrlﬁ.mj
—E)= fl‘z)@( d2’ @
Z
w\r\U'u_
_Jzo éﬂzwr} 22 el
G0 ) = e = {(H—JZT‘ )[1 s\r}] “T%j =, ®

-
M= opServodn po nt
n= sounw ‘%ow"’"

Now app/\ommofb;, I bé 6 senes ex,pams\&n
T ‘(Z[): Z J_’h F;\ (%/) Wheng + ('t) w o recr '(\;w,c:hon

"= ~for mc/uw/vd'cd) SQ&W\GV\* A,g,\
T hom ) *Corsegmxev\"(‘ m
N
v
- EZ’.’ (2’4.\> = z Ih J GT (Y.Mn\ A'Z-/ ™ <H)
n= A2/
Theelectric field
ot Zy, due o

the Sounce ponts



Qth\dex’%nj o xn{g%\o& gb S defing

Qm“ ::\5‘ G(r‘mh)ClZZ( :—:: G(rrx—m>6£; E'FAE; S\AJ;GQ?«QV\H\‘& Qz)
AZ, Smadd.

omd vesLtWie reswit to re~uy T Q\) as
'—Ez'ﬁ/ (Em\) = I\ G‘mx - I:J. Gh\z o ¥ ING_W\-N

IE we vepeat thisfor eada o\;m N secé;mm’ss we et qs%sbn%Ne_%uod%ms

Lo +TGar o0 + LGy = - E,g.j (1)
'IIG'ZI“’IZGZ7_+ o+ Ly G = - o ()

] |
\ !
t \

I.Gu + IZGNz +0 A IN GMN = Ei! C‘ZN>

Which com he writer n modrx form &

- .
Gy Gz ' G (I‘ *EEl'(&)
-
621 GZL e G’zr\J IZ = z GE)*) QB)
|G Guaz CIVN Iuj B (Z4)

or Gl == 5, ]
We <om mu’n(;i}&% S\dus b} bz to gt
bz [G'Mn]LI'J = :b& [E"’j

[z, 1) = -]




Exomple. 14-11.1 Current Distribuher omd I'MPQCJ evmes of o S%GV“‘“D&M
b:} Yhe Moment Method. ?

Waa ‘E%uoi'\ons (\o))(lz) omdl (13) o cadodat Tha oarrent d\S‘\'Hlbm“\&n,
omd Inpud Im ped omce. o} o pef"fec:ﬂi c\ohd.ud’\}r\ﬁ center—fed c%\{ndr\’caj
dnpcrb. O \on% with o.vad tus 0, 0,001 A, Aszume Tha current
A1t buton (s ngm‘ﬁ'mc&.

I
i y O .)\—- , 2, )
Eﬁ%mer\*”3 : bZ3 €0~df\3?g/rm‘t W -—_31 = 0,03 &‘On%
A@[ ‘L Q= 0\00)7\
Segmant, }*F&d pom{' (o= "\)(-033”7:4’ (.OOIMZ' = 033\
Az F13= | (06le X + (00IN)> = . 06 LA
| N=73
SC?MM:L{ Z: ;T; I|@\+I2C-;'2+IEG—}3:—~E(EI)
W _
e T, + L6, + LG, = —E(#)

1,6y + LG+ IG5 = ()

Pe couwae °\ S'érmm'ut *Ng,
(2= 120 = 3= M35
T2 = Tz,

My = rZ’L: r33

%wecrh\g Y\Q&d_to 6\/0&\,\,&:&, ‘gﬂ\" -H’L/\.LL G’s

. —J 2y ‘ a N2 2
G ) 8Jni°)\z e - {64— j2r G)[Z‘i%)J +<}Tﬁ1xj (N

C’\S = ‘._)(?ﬂ_’) £”_05 lﬂ(,o%)—js{n ZTF(t 06(“)}
8 (066)2

% {Q £l 0%))[2__%%}7 + 47 (ool Zj

G, = —258 —)l184 &
A

39



5\’m\(\w{\,\5/
6_“ = —20 -(—~:) 527700

i
A
- ~y £
G, = =256 3 2800 ==

However, sinwa. (111 very sensihue To smadd chamaes v 0

we. actiolly breae. &y, ntn {ive vaseqm.w‘rs amnd C,omPIiIn
< <

Gy = J\ G(r,,,,,)dz‘._,z{}”.‘—i- Gt €at s GH <
ba | |

—>{ lﬁ—o;.oo\)

PR

|

T

LITL,

MY~
R— observotion pont

Once you got tha G amd rrskip L by Az=.033) we 4ot
T, (0.66-,17%) +T, (085+j422) + I5(0.85¢)39) = V| ()
I, (085+j422) + T, (0.66 -39 +1; (0.85)422) = v, )
T, (085+)39) + 1, (0.85+)422)+ T, (0t6~jim3) = V; ()



Bt@ S\éfmm,dnz\? I= :[3
For a enter—fed dipole V,=V3=0 so @) amd (©) one 1damheed.

From (@) I, (064 —j1739) + I, (0.85+] 422)+ I, (0.85+]39) = ©

D - o2 + ). 0002
I
Subshtutins tua wte (6), dwiding by I, ) omd sethmg V= Lvott

31065

£=

L

= R4y X = 1) —,1528

Ya
T,



-4 - eréinhug_ L@\m Soluton (Frde difference mﬁ‘fhoﬁ)

In fem&uﬁ% contAinates

2 2 2
¥V, o2V 9V o

dx* a«{ o
TIf Tha potertadis \ndependamt J o
S
AxX* Y™

2(2y=-3(5)

Vg'_vo . Vo"vl

AR S A x

=

\Ia ol VD VO"‘ V‘f'

Now lexr Ax= Aa—-:\ B gat

No= 3 (Vi +Vp + V3 + V4 )



Exarnple -2 The infinite squans. Trough with msudatzd 1hd .
insuwdaded tid 5
Vaov 7 R potentiod distr bution

o (o}
o]
ind Tha Po\ﬁhjﬂd ot Tha center as 4O+O:O+O = lo volts,
20 40 20
o - Now Find) The Po{‘aﬂ.‘.‘mQ for €aeh of The
1.5 212 17,5 FOUJL Sub—boxc:i. ASSU\’YLQ. _h‘-Q.‘ \)9%312.. o*j
a x + Fha mugh—liago-p o The e g R (1e %ELO :20)
o ><7'5 _'_\_ov x'7.S ;o ;
Thev,, 20+40 +ot+ 10
/e = +17,§
__"215 KS.% __+_2‘5 4‘
Al
M)‘; 0+06 +0 *0 =4+2,5
0 o D 4

Thic procass Com be repeaked To g\oe add thoraf points

4o +11,.5+1N.5+ 10

= 20,2
4
l\ .
’(5-\—\o+15+o= 15
4
o) 2,5+ 2.5 40
10 + 2,5 + - 38

4

You. com uac e 1o cdem.u\ﬂ.e_ constoamt Po‘rey\hw\ contouns,




