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AESTRACT
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An often Ignorad pect of electrcmagnetic radiation fron

an*tennas is the characrerizatisn of their near-fields. A

3

computer program, Numerical EZlectromagnetics Code (NEC), is
validated for accurate near-tield comoutations and applied to
2 medel of a brcadcas®t meonopcle. Z- and H-7Fleld:z are plotted
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T. INTRODUCTION

A. PROBLZM ENVIRONMENT

rt
e

Maxwell's equations describe, for all space, the Electric

—
i

(E) and Magne+tic (H lelds that are the medium for <trans-

nitting information (virtually) instan*taneouslwy over

extended distances. This practical application cof =2lectro-

magnetic (ZM) radiation has generated considerabls interecst

in its far-£fis1d® characteristics. The T and Y wvectors can

be analytically cezarmined when the curren< (I) on the
racdiator (from which the field vectors are generated) has

EP "% 5 [P = [ ;
been Jdescridbed. For the far-Ifi2.d reg:

=

O

n 2 moncpoles ana

bv assuming 2

}as
o]
1)
8!

dipolas, acceptable results are obta

. N .. . . e
zirusoidally wvarving current., However, when the fielld

= - = Pegig o= - -~ - s - TV am -
vyecTors are carculated for Iis2ld peints art ilstances lss3

Sewween caliculated values and ampiricallv neasured values.
Thiz dizcretancy 13 noT “he ~3sulvt of Inacouracles in
Maxwell's Zauazions, SuT can e whellw attribu<tad %2 2n
inaccurate deserisTion oI Tna turrent,
*The far-Si2ld, f:r a ncnczole o dinele, Is defined as iiz-
- . ) ; . :
-ances from the radia=io~ gr=2ater than )V/2w%, where )} is the
wavelenzth, Tor free space, izc/I where f=zthe {reqguency at
vhizh the »2ii3<or i3 =xcit22, and c=zrhe steed o7 1lizhT In
free 3Dace.
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In tha past, the inaccuracizs of the near field calculz-

tions were not a problem~--there was no odractica
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to which the energy could be appliad. However, in recent
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years there has been an escalating intersst in th

problem. This interest has been gsneratad by an increasing
proliferation of devices which use Radio Frequency (XRF) energy

in such a manner that the user is axposed %o near-7Sield

4]

radiation (e.z. microwave ovens, hand-held walky-talkies,

wireless telesphones, 2F sealers, etc.).
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express 2n inter

to fuels, ordnance, other Il opera*tional and *“=s*%t =guitment,
~

and to personnel. The hazards poseld 5y fuels, ordrance,

. — L2 . : F-p— e 1 K =
and o*ther IM =gulpmenT res3ult i1n cvert =277acts; the hazards

~2> nersonrnel. However, 3ome flzwinetlv ncn-thermal =2 a2cts
‘ Have b=en sbz2rwvad. 3cne o7 thess 277za7ts [Zef. 2] inclucde:
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c) abnormalities of the chruomosome structure

d) movement, orientation, and polarization of prctain

molecules

e) <changes in the transport rate at the blood-brain

barrier

£) comfort imbalances, such as epigastric distress,

emotional upset, and nausea.

The significance of these eiffects is not yet unders<tood.

Th2 general public has not been ex»osed =D near-Sisld

radiation hazards of sufficient intensi<y or duration

ot
[V

J
1)

cause for alarm; however, there are certain vocations in
which the incumbents have an elevated prebability oF

exposure to this <vpe of field.®

3, THESIS STATZIMEZNT, 3CCPZ AND LIMITATIZNS

In order to »rovide more accurate data for pecsle

regsearching >iological =2Zf2cts 57 near-field radiation, *ihis

study will validate 3 zombDu<=er program WJhish Zirouses +the
. . . e -
near 2lecuiric, nmagnesic, and comoositz (2eak) fi21<4s5 oI an

I Tz -e i2scrilbed S2lIw.
- . 3 5 T Am A Nile
“We orozram, lumerical Zlecwromacnesizs Zcode (UIZC), was

*Tallirs 3% zea or 3=22pletisks sho 277as*t anta2nna renalrs,
Tar insTance.




sponsorship of the Naval Ocean Svstems Center (NOSC) and the
Air force Weapons Laboratory. I+ can be easily learned and

ed direc=ly by a researcher who has some knowlzadge of

[¥H

appl
electromagnetic theory.

The model to be used f{or the investigation will be a 7%
meter high broadcast monovcle radiating abeve a perfectly
conduc+tin

z gzround Dlane. The ground Dlane is locatad in the

K=Y »nlane co-axial with the Z-azxis. The
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ntenna Wwill Se excited at i+s base with a voltage sufficien
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~o sroduce a radiated power of 1907 watts. The aexcit

-

3t a freguency of 1 Mezahertz, which has a waveleng+h of 3C0

meters; hence, the monopols is a quarter-waveleng=th radiator

y

cperating at resonance. A Jdiagram of the model is show

o
i
3

.

Tlaure 1,

In sImulatiag <his model, NEC reguires thaTt *h2 antenna
Se Srcken Iato virTual shert 3Traight segments.  In
conscnance with this requiremen=, *three 4iffaren+t confligura-

15, ind 15 t=2gmentsz o7 1, 3, znd I meters, restecTivelv.
Jz3ing ovlindrical zcoordinaves, The radial and 2avrallel

2 2z7riz fia2ldz, ani th2 Ttanganwial magnestic fls12 ce

compaz2i. Tia2ld salues will be compuzad in W1 mexTar

increnents for points tarallal tc th2 Z-axis z+ iistances oF

o103, 12, 1I0, and 1300 radii (L rzdius = % me==rs).
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i21d vvalues will also be calculated alcong the radial axis
(V-axis) in increments of .5 meters for heigh
In, 1/2h, 1/%h, and 2/100ths h.®

The near-field examined in *this studv is the cvlindrical

£ one wavelength radius

[¢]

volume bounded by a cylinder

} 4o
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centered on the Z-axis, rising frcm the ground o

heizgh*t =wice that of che nonooola.
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II. DESCRIPTION OF SELECTZID ANALVSES

A. CLASSICAL ANALYSIS
The antenna utilized 1n this study is a2 member ~f <he

dentified a

e

class

n

'"thin-wire' antennas. The zri<eria

whicn adumbrate the thin-wir

o

aoproximation are [(R27, 2]:

2) Transverse currents are negligible relzative <o axial
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3v Zar, The largest subsat 27 Thin-wirs 2nTennas Is 2
zlass xXnown a3 3hort anTennas. skert antannas ire Zafined

= 13 having one dimension (h) nuch srea<ar Than The other

- 32 N N 1 T - R v T -~ - ccaera ) -
K Zllenslons, 2T N L3 2AL32 mudn L2SC ThRAaAn 2 waAvel2ngTn.

) . : MR AR ‘ > - - S e - 3 M JE PG S
] “voizaily v« /3. Tecause 27 the oredeominance 7 Thils

i)

Y

-y - : : - T B S T S m gt o . i~
3UD=3at, I+t i3 reascnabli2 ~hat 1< 3hculid te 522 33 3 model
- - .y 5 .

- Sor 2lazslcal analiysis.

- Zasel on Maxwells Zguations and reometris considerations

- Py honJ SN ~ - = A .- o~ - -~ - T . - M
as shown Ln Tigure o, the I21lowing non-Ierc comolex scalar
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where: n = the intrinsic imredance of the medium,

surrent, A

[

= wavelength, 2 = 2%/)% = ohase cons*tant
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a plane wave front, The second assumption is to form a
first approximaticn of the current distribution cn the wire
which is solvable in closed form. EIxtensive analysis zsver
many years has shown this to be a valid assumption when the
antenna is excited at a single point.

In this study, we will be interested in fielids where th
observation points are not at distances considered lar
relative to the monopole height., When this is the cass, th

~

diagram of Figure 2 must be modifizd as shown IiIn Tigure 3%,

Trom the geometrv oI +this i

jog
- (=)

complex scalar fiz2ld compeonents can be derived:

. -3ar -33r -%2r
inI -7 A
- S o= 2 N = . -
T, = - + - 2(cosz2h) ) (3)
- 4-‘- bal el -~
r, ™ ;
ST -33r, -33r, —j3T]
- . J (3=h 2 4 Stno2 ” _IIosah 2 \
BT 2 T B T, 2 o,
z N p
AN
[N
i -2 33w -%3r
¢‘3 s =" - =~
- = (2 -4 = S a Y (~sga2 EN N Y
3 T o 2 (225207 (
*Tauations (1) <hrough (3) are =2uoressed In snherizal coor-
R ~ eyl e " T oA - - - 2 - - L7 Ay - - -
ilna%es while Zhuazisns (%) through (7)) have te2n Transis
T> Tvllndriczal cceordinatas.
‘-\
i
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oy v o mon st PO ——
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Reflected through
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A current o the form:

I(z) = Iosinsh for 3 < z < h (3)

has been inserted into EZquations (5) through (7).

. Zquations (5) through (7) indicate that each field
component i3 the phasor sum of contributions from <hree docint®
sources. The first source is lccated at the top of the mono-
pole, a second image source is located in a symmetric ctesi<ion

when the first source is reflected *hrough the ground olane.

b,

The third scurce is locatad at the base of The monopole; its

]

relative amplitude is modified by the (-Icosgh) facter.

3 Since we have a solution for computing the field onoint:z

b
¥ it is now reasonabls To det2rmine *the range over wnich 17 Is
7alid, 3v inspecticn we note that for r» = )/Iwm in Iguaticns

sarenthesis i3 =qual. This implies that r = /27 nay be a
i Transition -coint. Tusther investigzaticon indizates That for:
& Z
] 3) r>»\/2n: the 1/»° zterms in I, 2ni F,, and the 1/

i)

-~ -~
M . —_ Py

5) rex/21: The 1/r7 zTa2rms in T, and Z_, and The 1/»~
T2rm in H, are dominant.
Since we Xnow =<hat »cwer drops off as the inverse scuare cf
3

stance2, and <hat the dower [low at a
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St

2 2 .
we can extrapolate from a) above (E8/ne k/r°; where k = 2
constant) that the far-field begins at » = A/2n and continues
out to infinitv, while *he near-field begins at the monopols

and centinues out to r = A /27,

IT is interesting to note tha complementary rela*ticnship

that Iis maintained by the power in this *ransition regicn.

Instantaneous power Flow at a point in space is given by <he
complex Poynting vector:

S* = 1/2(T x ) (13)
Tor the short ncnopole, *he complex Fovn%ing vector 1is
oriented in <the radial dir=action and ziven Dv:

B}
=, ~ ,ThL, . -f4n 2 3" A -
S"“ = 5 (F/(Slﬂf‘)% 27 (=~ = — (11
- - r” r”

The real oar~ 57 this =2guation gives the average rate of flow

T

o7 Real peower (=1/r7) while *he Imaginarv zar* is crercr=ione

9

to *the 4ifferance between average maznetic 2nergv Zensizty

U




1)

and average electric energy density (=1/r”). Intercretation

of thi

U

2quation indicates that for:
a) r>i/2n: Reactive pcwer flow decreases rapidiv (:23),

v

Real power flow decreases not so rapidly («=)
=
r
5) r = x/2m: Average Real power flow and average Reactive
bower flow are equal

c) 7T<\/2w: R=zactive power flow becomes nmuch Ireatar

5 . ) N
(z»7) than Real power flow (=r7).

The transverse component of the ccmplex Povnri

S . A - ‘
To o2 (k2 L7030y caad A ( :(2 + =) (v
s = ~n(= 2 ) cosasing (=7 (= —_— 3 125 ,
- < T - 3 :
- ~ Q v :
:
12 AAmn T arslr Te 3 s LI U Taoal m~awer S A A
. 13 ccmpletaly Zmaginary, 1nilzZaTting no Reil neower ©loy, and
v - Rl | &= < bl 2 - - -~ -— - - ! PR
! 1t fallz 0% rapidly with Increasing Zi:zvmanc: du=s T2 LSr0 and
53 z
- 1 e N -
¥ 1/»7 contribuwions.®
- Tha daut ant NpnguyustAav AF Sha £ ms amemes cmmays R -
- ne 12vIanTt 2eniviny O Tnhe 12l TAnTersT 3
£
y Fio+manca B N O e P o - A R S N ave
distanc=2s ral /- 3 The recult T UL Tom oz reIlin Yn2vre
ke i = = - - i~ - —_— ~ - s em - i —~
<he Zines 25 Zorce 3re rl20sel Tn Themselv2s and oiporcachinzg 2
K nlane wava front, w5 a verisn wherae <ne llnes o Tarne z=IlI

< 3 - Y. - R R . = - [ —— 3 R
MAINTALIN 3 3TYCNgLY 3IonerlZan wav2 I7onT o aAni Iome LI The LlLnes

are 3till ar+=ached =o <he anTtenna. ZIven in =<h2 3imtlesst o7

3 *Also noted i

3 *he Tae*r <ha+t *h=2 Tla2c¢7tric flell zhanzes fronm
" Tilintical oclarization To Linear oolarization In Dacsins
From v>\/27 5 zalua of eV /Za ghen 3 £ 19, 20O, or 1379,
Tor theses inglas <ne ~elarizatisn of “he 2laceric flald i
Zinear n zoth s3ldies 7 oroz V0T,




o A

cases, the current <distribution in zonductors is ccmplsx.

This complexity is the result of non-uniform currants and

charze densities, capacitance and inductance zsnerared by
these non-uniformities, and discontinuities from imoressed
forcing functions.

It is well established that as the field observation toint
moves within the A/Zx distance Irom the antenna, that <he ?
measured values deviate from these predicrad v Izuations (32)
through (7). It is also well estatlished that Maxwells
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equations are valid for all space. CJcons=2guently, The 24n-
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the near-field region. The prcblem then 13 to find a Setter

description of the current distribution.

that th2 rezactive cerpcnent of the imnedan
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The (-2cosgh) term representing radiation from the base of
~he monopole has disappeared. The monopole appears as a
coint source radiating from its height, and an image source
found at the reflection through the ground plane.

Also, the resonant condition occurs at a length less
than that expected from the A/4% rela*tionshin., This is the
result of an "aifac*tive" lengthening o the antenna by
capacitance and "fringing" at the end-cap of +the wire,

Capacitance is caused bv a buiid-up of charge at the z2nd of
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3, CONTEMPORARY ANALYSIS
Schelxunoff (Zef. 3: pr. 373-374] identifies *hra2e m=zthods
for chtaining a closar approximation To *the actual current
distribution on an antennda. Thev are:
a) The Integral Egquation method
b) The Sweep-0ff method
c) The Mode Thecry of Antennas method.

are discussed below, in succession.

1y
fu
0
=y

1, The Integral Egquation Method

The assumption 13 made *that whe current iz diztrinuced
on the surface of a hollow cylinder whizh is divided into
filaments of angular density (I(2')/2n) and angular wiith

(49'). The Xernel Tunction is modifisd to allow Tor

~ L . .
(z,2'") = = p(z,2', 2, ") daT (1w)
-%ar
2
nere: L= = T Wwav: SuncTion.

nt curren= filamen=*:

Zh A
. 2.2, ,
- ~ . ; B - \ -
DR S (= + 27 ;) ZT(z') 4z! (13)
- :'HE - )=




is modified by inclusion of Zquation (14), wi*h the bcundary

condition: (Z_ + I = 0) enforced to give:
: 2 .2¢
-1 , - (1%
Eg(2) = T%? f (2 +3%%) 1(z') az' 1%)

his Integral tguation (frem which the name of
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derives) is the limit (as YN==) oI a series o7 2guatizns <f
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(z) = 2 I(z) (233

Zzuatizcn (13) 15 a2 'zircuit 2qua<ion' “or an anrtenna 2nd oan

>e sclved, 1in 2 manner 2analogous o The 13e 57 Kirchherifs
Zauations for lumped networks, £2 an arbi<riary dsgres 7
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3 It is instructive at this point to pause and

consider how accuratzivow initial aporoximation of thz current

approached reality. Integrating Zcuation (16) by zarwts and

1

the surface of the an*enna, we

[

setting -E_-(z)=0, as it is o

o]

obtain:

- ~
3 =2 47T 2 -

- N - 3 PR a . < 7 : -
(ZTCz'" Y (z,z2") + T(z2")—=) - . (= + 3°T) (z,2') 22'=3
J = - DR B

3

Ul

B
T3y
= Ty '
- - - -— - = . -— - - hi N — - - -
Svrom the 2nds This zons*ant 15 small., The Z,2') Tacwsvr in
- - S~ 2 &2 3 - - - -t - ~ 2
*he second Ta2rm 13 Infinite at z z' and large In 1753
A A
- ~ -t had = - = - ~— -~ =71
1cini=yy hence, The (=== + 37I) fac=or musT 22 3rzll.
ER
- - - :- = -~ -— - — .
nerelfore, 23 “ha raiigs 2f the an*tsrna aporoachs=3 I:2ra.
2 !
- -
b - - . - = - -3 ~ T =~ - - -~
=2+ } 2cormachas Z2vro, which =mnli=zs T(Z) aporoiachac
It~
3 sinusoizial Iorm.
- . - e Mmoo
Z e “hne Sweer-05C Maethod
- o 3 - e el =" - .. - A - - - spyem s ="
This merthod 3tarTs with Ziiaztion 1), the Tancentisl
St s - 3~ = =0 4y - RS N - N R TS
field =2cguavtizcn for 3 filament furrent. YTelng intetrated Twios
1 . .
- SvosarTs,.,  Then o an arproxinaticn to The current IlsTritasisn
.ir - f o — - - T 2+ - P P N
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g2neralized solutrion requires a number of ter

3 caches infinity. This overwhelming prob:
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terms limits the attractiveness of th

Equation method apnears

or generating a better approximation to The
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diffarent apvprecaches %o solving the equat
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orenesed and virtually all of +them lend thems
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soluTtion by digital computer., Three of these
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'T' field outside the conduc=or (expressed in terms oF

vec*or Dnotential, 'A'). The wave equartion is solved as a sunm

of a complimentary function and a particular integral. A

constant, C,, in the soluticn i3 evaluated in terms of input
S

conditions at the tevminals, and the wvecTor potentizl, A, I3

~ a1 B PURPI. A = - jaak VO b - JP | -
30.2T10Nn 15 obTaine 2T L. SALS rAalue LS subDsTITuTe T 22CeK
n The ZurrenTt 2quartion CSDTIINLNI 3 TIrsTeCcTler ATDraKINATIOnN,
Ty D A - - I s - - I 47 - - y A S et ~ ~
“hi TYOC2s3 13 TonTinued 2 722141 successivaly LInET 2UrTers
~ = - had o~ - - - I~ - = - - = -

37 30.1Tcn. “he D7rmges3 13 3%onbed when 3 zuflilciant Z2oree

37 accuracy Is obtalned, Th2 constant J, (*he zreffizient Tovr
=ne suadrasuore ta2rmo oI current) 13 2vzluas2ioand zin
azmntitic 2xpansion fir The turrent 1z shtalned,
T, aratollc Inwarcelativa Tit ATorodach
A more recsznt annraoich (L1:73) 1z Zne arcoosal DU
Shanz 2% oal, [Ref, 3], Chan:z N33z 1 zurrace

asprnwimasion) and fefines 2 ney Hernel (Sreen':2) Tinction

- - & . o ? - - T- - . ERTA,

-2 2czcun*® Tir oaxlzl orarlation: o suvrens Y a3ls3p ilerives
3 TS sz = mermvo el am Ty T Tammen  wmian caa T 3 =7 N;m=hia
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Another recent ipproach (1981) is that provcssd by
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expressioné h2 derives for Siell comronents are slow in
5 converging, and even after nmodificarions to his basic
derivation to nasten the convergence, he s*tates that nor=
rhan 1500 harmonics (a 1330th crder linear system oF egquaticng)
are needed to satisfactorilr match boundary conditicns.

;
: Chang does no*t indicate directly *the amount of

computer rescurces consunsd by nis method, but he Zo2: Implvy

",..in the nunmerical ccmputariosn, the iIntsgral Irocm -hL T2 h
is usually subdivided into a finite number cf se s; 1
2ach segment tThe currert Isg interpclated oy a e A
7ith coefficiants axpressible in =2rms of wvalues
at a few sample 20ints wizthin *hat segment. The
derivazives of I(z2) are therefora discontinucus
scints Setwesn any two 3egments.' [Ref. ]

2ne of the inwtentizns of chis swudy 1z To show That
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structure, an incident plane wave with either linear or
elliptic polarization, or the field mav be due to a Herwzian
dipole. Outout mav include current and charge densizy, cower
gain or directive gain, near- or far-zone elactric or magnetic
fields, impedance or admittance, +total radiated power or input

power, It 1s suitable for either anvenna analysis

9]

r cross-
sac*lon scattaring and 2lectromagnetic oulse (IMP) s=tudies.
ne code will handles juncTions of wires 27 uneven radiuz, fres

2nds of wires that have finite radius, wirss of variable radius.

Setw2en wires,
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NZC utilizes the sauss-Deoolit+tla Me=<rhod for solwving the

solvinz The Integral equaTions.
ry=avtional or Dlane swmmetry <o reducs compu+aTion time.  Whan
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Diites) *o which the Electric Fia2ld Integral Eguatizcn (Z517)
or Magnetic rield Integral Zquation (MFII) are 3pniied .
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Equation. Iwo
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about 25 tatches shculd Se used per wavelength o7 surface
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squars wavelengths. The number of patches usad increases,
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cur-rature gecreases. 3Smallar patch=as shoulld De uz=2d at
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I, Zround Flane
Tar a perfactly conducTinz Ivound, the code gene~aves
a reflacted ilmaze. Shtructuras nav -2 clos=2 Tg, Lr contact,
- - ;L2 L. a=0
<he zroundj; howaver, Icr a horizontal wire: v T o+ oa >l 7o
Wwhera a T wiilre radlus, n F heizht o7 wirs axis aler2 *the
zround 2iane, and /3>,
4 Tini%telv zonducting zreound may te mcdeled Dvoan

image modified -y *he Frasgnel Plane-wawvre R=Tlectiosn
tteffizien<ts, This methed 1s Fas<=, dut 27 limiTead accuraces

e a4 = - P, ~ SN s - ms = -3
A32% I I3TIITUres 20054 TO The IrTuUna. ov




v

accurate close to the ground; the horizontal restriction is
the same as for a perfect grouncd. <This model is only used
for wire-wire interac+*ions, for surfaces the code reverts to

Tresnel Reflection coefficients. AT the present time
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zround apbroximation based on modifie

(oY
o]
o
(=0
'_J
1]
0
ot
'_J
o]
3
)
O
[
1] Y
H
14
0
’J
®©
&1
ot
wn

% These options allow considerable savings In computational tinme

when limited accuracy can be =<olera=ed

- AT A AT AL AT A
.  INTEIGRAL ZOUATIONS
- -— 3 - - - -— - - T
2. Zlectrizc Tield Inte:ral Zouavtion (ZFIZD)

- - = .2 - . - b
“he ZTIT 13 used for *hin-wire strucTtures with smaill
2anductor voluame, I- 13 Zevived fraom the elactric fileld
T
X
\! -
. ranvresanta~izsn for oa current dizsrituTicon contined T The
4
;
B Turface 2% 3 nerizovly Tucting Hody:
..U
=AY = : - - T o~ T(r wt iat A~
L (YY) = = — & T (x") Tr,r') <A (28
~ =2 T3 73
0":
- P, 3 - - 3~ - - +~ 2
. where: ' i3 =he s3ource noin*, r i3 The sbservat. 1 DOLnT,
- — L
- . - = 3 2. BT — = - o]
i3 3 surace current density, F(T,P") (377 + 773g ' rnyr')
_ - B P
- - N = L v .= T . - atm s~ LIPS -2 3y~
e mertly 2 = ohaze veliciTu, on s InorInsia




valua Intagrai §

[N
9]

[¥7)

@]

w

is the unit

induced current

¥y
o

and




~L =

YO

2

el

N .
- b
=

oo

wh

-

dKX13.

—~

s}
S

N

3
s

Gy

el

Y]
TR
Uy

-1
i

15
R
bn

tpe

'

]

o
Y

]
LR

e

TustT

VS

ey

-
20

[4h]

.
1y

e

(TR}
LEl]

v

O
L]
N
L

o

ool
§o
o]

o

1

e
on
b
o -
\h
) et
£%
et g —
A -
<
t -
At G
Nt
‘a hit
—~
L 1%
[ .
p—
< h
"
)
e,
g
“
fre
~
~
¢
< (7
]

=
=

PN

T
i

valuacs

(=3




e

1 This vector 1 resolved Into Two scalar ezuations alcng the
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NEC mod=ls thin wires using ZTIE ané for surfaces
Tor a structure with beth wires and surfaces, r

in Equation (23} is restricted to the wires, with the integral

for TV(r) 2xtanding over <he complete striucture. Henca,
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The Method oF Moments
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which 1s a solution to Zguation (43).

. .

The efficiency of

soluticn is largelvy

dependent on the choice

3
<

TWo general =

OZ

Tactors which should guide this choice are:
a) accuracy of solution desired
b) eeiase of evaluation of matrix =2l2ments
2) s3size of the matrix =that can e inver=ad
1) the realization of a 'well-condizioned!

(44)

computations and accurazv of

=

Rasis Function.

<o choose, =2ntire domain ani sub-domain. The sub-domain zlass
~nasz Tewer =lamen=s; hence, 173 execuricn *ime Is less, iT
simplifiz2g the =valuazticn of the inmner oroduct intezral and
3m111 2rsures =he nmatrix [3] vill e 'well-corditioned!'.
Z, NZZ's Aponlication

[Z2':z interpolaticon ¢f current on wires zanforces
tonTinuisr o7 curren= and linear charge density at secment
2nids. Thisz Imposes adilitional resTrictions on th2 current
ani 1=z Zavivative with v2goect =2 dis+ance along the
zonducTor. .20 Soreces the furrent on the IonludITor T2 matel
=2 InT2gral zraation 3t snecifisz ocintzy these 'match solints!
3re locavted a2t the 2enter oI =2¢h fezIment,
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simplicicy, the rest of this section will b=
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IVv. MODEL DESCRIPTICN AND COMPUTATIONAL RE3ULTS |

A, MODEL DESCRIP

3

ION :

The basic model used for this study is a simple moncoolsz
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meters in hei.
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irtually all medeling schemes start Srom the basic
is2 *hat Z- and H-Tleld component values can be determined

r m a xnow.oedze of +the current Zisvtributicn 2n the antenna.

TV -

}ae

7]

<he ~urvent di
n will te discusszed here: 1) as:suming a current
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stronglyv Zepends on the current shape, Large 2rrcrs
Z2nerallv occur.
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approximated by geometric distributions
constants) on the elements. This is t*the
[(Ref. 2]. The NEIC ccde uses the scalar form of the integral

equations to de*ermine the current in each of +he 2lements,

then combines the results from each substructure tTo zeducs the

performance ¢f the to+tal structure.
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assumed and wvalu=s for the tangential, radial, zand peak (tim
and spatial) fields were calculated for each. The three

confizurations were for a s<tructure modeled with 3, 15, and

]

25 sub=domains., In 2ach of the configurations. & null value

.
+

for the tangential Z-Field was Imposed at the cenzter poinTt o

~angential Z-Jield 2qual to zers, i+t has Lteccme necessary o

~hr~ugh the Method of YMeomenws as discussed In

Ueing this mevthod the curysnt can 2= anctrokimaTted T2 in
arhi=rapry lagree of aczuracs Sy increasine M. Tirturately,

reasonabla accuraczy i3 obmained in most si+tuations with 2

- . ama? Nev AF cac et Al o=
relatively 3mall number of segments, tvToicallw N = 1JX/\.




C. EXPECTATIONS/OBSERVATIONS/ANOMALIES

This studv utilized three configurations to detarmins two

relevant facts: a) whethar the calculated ralu= cf <h=

near-ield was depencdent on the number c¢f segments iused,

and b) whether +h2 size of the segment conformed <o <h=
guidelines used i1n the Tar-field.

A non-analytic cverview of +*he Dlots gfenerated >y this

v2dvy indicated *hat the calcula=ed valu=2 of the near-Tield
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Plet Ex v Z far 3, 15, and 25 sogment medols.
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metars, or A < 330/20 = 15 metT2rs are suggaested, Lenz<hz i3e

(SN

N

in each configuraticon were: 1A, = 75/5 = 1% meters, .., = 7%5/1
= 5 me*ers, and Ay = 75/25 = 2 meters. Again, from a ncn-

analytic overview of plots similar t
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determined that resasonable additional

n geing from a five segmenT tc a Siftaen segment configura-
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ive segment confli
was ne+w justified Ly the increassd computer resource
ccnsumed, rom this observation 1t coull be goncluded Thaz

. . - et w4 A
smaller segment lenz™ns are reculred Ior nezar-Il=21l calcu-

salue 3necifizd for —he far-Sialds (i.,a2. 1<3/30 for normal
. . - - _

sitzations ani A-\/ 1730 for oritical arsasz).  Addisional
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cusarviatisan,
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Zrom the base of the mcnorole to i1ts height, and also -r=anm
The base to Twice *he helight cf the monovoie. The Dionz =2
13T th2 height of the monovole were run to obtain Increased
resolution as a function of position along *the mencoole,
Examination oI the single and double height plots, side bv

side, ravealed no Increased resolution or additizcnal infor-

0

mation was obtainsd from 2 single helsght dlot that was norw

tis>nallv, closely zpaced 2lcts within i sezment werse
»yn *o deternine if there was anv variation 3is a funczTion o°
men<T positicr, This type of plot was run at tre
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he o —————.... R -

..+ as a function of 2 -

a dismance of one (1) wavelength from the monopole, for

heights of Z/130ths, 1/4, 1/2, 1, and 2 times the neigh=
of the monopole.

3. H-field plots (¥) as a functicn of 2 to twice the

neight o the mcrnoodole, at distances of 1, 2, £, 12, 1219,

one (1) wavelang*th for heights of 2/100+hs, 1/u, 1/2, 1,

i< The =ct. These lowsr wvalues varied b an order ¢l magni-
Tude a2z a resclt of NHIC forcing T = 7 av match oeintsz and
anoroximating s3lues (Zrom the current 2izoribu+cicon) 2lze-
Jharae, These ralical variatisns wars uicklr sToanuated ac
“he chservation point (2.2.) moved awar “rom *ha 3urface, Atn

1)

)

v21123 1T "“he Zop o7 the antenna ind “hese alsng 1ts lanzsth.

5 - - ~ - IR - = o~ TR - - - -2
‘e The .7, moves To 2 IlszTance of 139 radii, the Integraczi
ST A= P " . A = ey -~ R Py R N
=T it .. ave IrezT2doan AImest uniform g Tnlituds




Magnliude E, (v/m)

Plot Ex vs Z for a model of 15 segments.

Plot Is at ane radlus. the Surface of the Monopole.
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Plot Ez vs Z for o madel of 15 regments.

Plot is ot ten radil. 2.7 Meters obove the Surfoce.
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the antenna, and this uniform magnitude

decrease in absolute value as the dis*ance »f the 0.7,
radizlly from the antenna.

The magnitude of EZ and E_ are approximately

at the top of the monopole, but Er maintains a valie wi

an order of magnitude of its peak

thin

surface (Tigure 7). As a result of boundarv conditions on I
for the zround nlane (similar to those for Z_ on =he antenna
surface), the magnitude of Zr quickly anprcaches zero at the
base. The 3hapde of this curve remains pretty much the same

as observations are made at greater distances. The magnitud
of the curve decreases slowly and acproaches a uniform value

ialong “he 21n%a2nna.

3

= . 13 a3 zomposzits ol I_ and I .

value all along the antenna




Plot Er ve Z for a madel of 15 tegments,
Plot Is at one radius, the Surface of the Monopole.
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Plet Epeak vs Z for @ madel of 15 segmenta.

Plet ls at one radius, the Surface of the Monopole.

Magnitude Epg, ¢ (v/m)
g

. 4

°:1-r—“-—‘

78 100 128
Distance Z (m)

1
150




. I

"

Mot Eposkk v Z for o wedel of 13 sogments.

Plat s ot 100 redit, 297 Meters sbeve the Surfece.




J.P. moves radially awav from the monopols. At a radial
distance o7 aporoximatzly \/C++the razid decliine in Z_ sub-
sides and apoproximates the attenuation with distanrce

observed at cther »noints along the an*anna (sae

T < b -— A - ~ = o b
D2inz the magnitude Zrom which Tha decline tegins., (Tigure
Cins - - s - - ~ . £

close o Tae antaEnna, The I curve Toloowe ~he
. =N
. A =~ - . T - - = 1 a2 drm AT Al A D
turve. A% scme unknown Doint, Z_(R) has diminished in

- P nad S - - - T - £ 4 = . - -
zreater heizhts, This is The result of 3 larger starting
g e e a / cvaatair ol ghea) Svam “y T [ T g
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Plot E2 vs r for a model of 13 segments.

Plot s at the height of the monopole along the r axis.
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Plot Ex vs r for a model of 15 segments.

Plot is ot 172 the monopole height along the r axis.

Magnitude £, (v/m)
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Plot Er ve r for a madel of 13 1egments.

Plot ks at 1/2 the manopole height along the r oxts.
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Plot Speck vs ¢ for a mode! of 15 1egments,

Plot 1s at the height of the manopole aleng the r axis.
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larger radial distance is allcwed for it to decline tefzcre

the magnitude of £ _ exceeds I . The point at which this

<

occurs is so sharply defined, that the curve of EZ nas an
"apparent discontinuity” in i+,
A" twice the monopole height, the curve of =

(Figure 1l4) has an inverted cuz». This resul<s from the same

=

shift in Z_/Z _ dominance discussed above. Directly above *he

antenna, £ = J3; hence, Z_ is larsger than Z_. Z2ZuT as <hs J.7.
r z L

moves radially, Z_ declines whils Z_ rises tc a peak. This

P . ‘e - . 3 3 -
15 Jlrtualdiy IonNsTant: There 13 a3 s

=op (Figure 13)., Abcove the mononole, <=here Iz 3 zhars Irasd

{aboutr 30 3iB's) in in*tensizts of Hﬁ; —he Ti214 iz sirmaally

non-2viztant There, ISimilar 2lzcws of H, Icw Iveaver ilsTances
3

from th2 an*2nna 2110w The same <roe >F curvre, a¥coInT, The

abrupt. At 2 dlstznce of one wavelangth, the Iifference
Devween <he nagnizide cof Hb 2ari.lel T2 *he za2ntanna and atoeove
‘T3 nelzat 13 anouT 20 2B, More 21173 7 Z(I) are Tound in

PO
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Plot Epeck vs r for a madel of 15 segments,
Plot Is of twice the monopole height along the r axis.
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F
Plet Hpht ve Z 1o twice antenna height. 13 segments,
Plot Is ot ene radius, the Surface of the Menopole.
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4, H(R) Plots

of H
Q

rapid

various antenna heights. Figure 16 is an example curve whic!
jelineates the behavior of H, all along the ax

above, “or 0.P.'s directly abcve the antenna, H¢is virtually

the height of the antenna, H_rises quickly to a rfeak, theén

®
v declines in magnitude. More plots of H(R} are
in Tigure A-40 through A-44% in Appendix A.
{
iz . I _ S

Again, at the surface of the monopole the magnitude
is virtually constant. The magnitude of H decreases

1y with increasing radial distance, and uniformly for

Az indicated

Fe
w
.

$

xistent. As *he 0.P. moves radially ourwarc, at twice

TR ey -



Plot Hpht vs ¢ for a model of 13 segments.

Plot Is at 2/100th the monopole height along the r axis.
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V. A VALIDATION OF NEC NEAR~-FYTELD CALCULATIONS

JEC is still evolving. On-going efforts toward refining
and improwving i*ts calculations are constantly occurring. In
its present form, it has been extensively used, and docu-

L mented to provide accurate results in the far-Ffield; its
validitv in close to the antenna is not so well dcocumenzed.

To show tha* NEC provides reascnable results in near-field

regions, three <ests have been run. The:

\
"))
]
[
(e}
]
n
0
3
[V
o
®
0,
' ]
81

h: the following paragraphs.

1]

A, COMPARISON OF NEC WITH CLASSICAL ANALYSIS RESULT

wn

f3r 3ncrt antennas of various lengths. Two of his plo+ts are

#d

1)

' calcilations ars 2lotw2d as droken lines in Tigure 17, *the

: .- D157 5% YMNEZ's calzulations for the same antennas ire shown

l“ - B - . - - - 3 I3

: as :2olid Lines, Remembtering, <he assumption of sinusoidal

y currant i3 accurate onlv for the juarter-wavelencth mcnodole®,

*As +he anTenna :tecomes shortar, the sinusoidal »eak occurs
urtrher Sack on =he faed line and the Zistrituzion on the
an+T2nna Secomes more linear.
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3 in

Teresting to note NEC's calculations are more closely

§ae

matched as the antenna length aoproaches the resonant
condition. especilally for radial distances greater than

A/2w (= 300/2 = 48 meters for this study). 3alzano [Ref. 7]
points out, that inside this distance, the classical approach
breaks down, "...because nowhere in the near field (p<A/27)
joes the dinole lcok like an elementary source (infinitesimal

dimension) from the observation point". 3alzano also dcints

out that the classical approach has a constantly increasing

1t

field up to the dipole surface which is incongriuent with

z
2nergy density boundarv conditions at the antenna edge.

ore, *he leveliing off of the magnitude <f £_, as

-
“

~1

thy

here

T

nredicted by NEC, is the more reasonable plot.

3. COMPARISTMN OF NIC WITH IMPIRICAL ANALYSIS RESULTS

.J315 meters
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iiameter (= 3.75 ¥ 12 T\) that was .139 meters in lengz=h

12V), includins a .0018 meter zZap at the centar fronm

A medel of this anteanna was constructed using NEC. The
sanfizuration chesen was a moncpole of 13 segments, =2ach
segmant being .20t% meters long. The monopole was mounted

abdcve 3 Derfac<+ivr conducting zround plane in a manner

3imilar =2 <hat used Tor this study Plo%z of Z_ and I_ were
ot

Vo 3~ P e -~ - 7 & < T e I e =4 an Ia g

™anoi3 a2 Tunzsicn of 2 for radial disz+apces 25 L202, L3736,

7




.01, .02, .03, .04, .05, and .06 meters from the dipole axis.
The results of these plots are shown in Appendix B. ith
the exception of a scaling fac*or, the information contained

in these plots is the same as that discussed in Zection IV.C.

for the study. To further compare the results of NEC with
the measured values, the measured peaks of the square of the
electric field intensity, for both axial and radial polariza-

tions, at the radial distances indicated above, were extracted

from plots in Ref. 7. These values were plotted in Figures

(]

-

18 and 19 along with th=2 square of the peak ¢’ the fie

U}

extracted from the >lots of the mcdel run by NEC. As can =2
seen, verv close correlation between the model and *he
measurements were obtained. The largest discrepancy was at

003 nmeters distance where the calculatad value was inordina<ely
higher than the measured value, vrelative to other calculated/

measured Dairs. 3alzano's calculated value was also guite a

i% higher, which would indicate the measured wvalue was a bit

supported bty Zalzano's

)

low. Credenc2 for this argumen® %
statemen+t, "...at closer dis+tances, cabacitive eifects

Secame predominant”.

.  COMPARISON OF MEC WITH MAXWELL'S ZJUATICNS

Crang [Ref. 5] peints out that "...on the surface of the ;

o *he

(=]

ona

1o

mononole the f1212 componant 4, should te proport

surrent distrizution I(Z)...". The NEIC zal-oulated walue of

55 W3S tomnared o +he ~urvant Tlowing on the model., The
i
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which is not considered in the 25tinma=e

(@)

equations. Considering these two Jaciors

e

s surprisingly gced.

D

E, is expected, by Maxwell's

2
13
KS!
[y
[
ot
t)
Y

-
-

6
1
w
)

surface of the monopole, In NEC, =

enforced at the match points. The best
NEC aporeximates T_=7 can Se seen from T
the surface of the moncpole, Tigure 23.

E_ that is radiated can be fournd at *the
as expected.

v/m; at other points along The antenna,

[e3]
T

3"

h

t

b

-

£ Maxwell's

, the corrala+tion

5, *0 he zero on the
nditicn 13 cnly
svimate of heow w2all
e olsz* 25 Z_(2) at

8!
p
v}

magnitude of

~
~

of =he monopel=2,

Ry’

is nominally 1029

he nomninal value can
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Plot €2 va Z for a model of 15 segments.

Plot is ot one radius. the Surface of the Menapole.
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VI. CONCLUSIONS AND RECOMMENDATICNS

From the results of Section V¥V, it can be seen that !IEC is
an effective analysis tool for near-field calculations anc
can be used and trusted to give meaningful results, The
tool czannot be applied thoughtlessly; care must t-e exercised
to ensure the model accuratelv represents the ictual physical
structure. Ioning considerations mus*t te factored into the
orocedure to 2nsure that sufficiently small segments are used
to get the Zesired resolu*ticn, btuT not so many as *o he

wasteful of rescurces. ZEIlectrical parameters must >e ccnh-

"3

e

sidered to 2nsure tThev represent the ooerational anvironment
into which the s*riuc*ture will te immersed. Jhen thes= items
are adequataly considered, NEC %will provide the desired
resgul<s In a timelv and cost 2ffective nmanner.

Areas of further studv zould include expanded inves<+ti-

o . =2 3
th for near-I-.l=2.12

za=izns in*> +the maximum ssgment l=n

sn The near-Si2ld of using mul=iple parali=l wires wi=h 2ross

2>nn=2c+ions in the manner in which broadcast *owers are




APPENDIX A

Plot Ex vi Z for @ model of 15 segments.

Plot is ot one radius. the Surface of the Monopole.
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Magnltude E, (v/m)

Plot Ez vs Z for o modsl of 15 segments.

Plot 1s at two rodll, .3 Meters above the Surface.
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Mognitude E, (v/m)
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Plot Ez vs Z for o model of 15 segments.

Plot Is ot five radil. 1.2 Meters cbove the Surface.
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Magnitude E, (v/m)

Plot Ex vs Z for a madel of 15 segments,
Plot is of ten rodil, 2.7 Meters abave the Surface.
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Plet Ex va 1 for @ medel of 15 sogments.

Piet 13 ot 100 redlt, 29.7 Meters ebove the Surfece.




Plot Ez vs Z for @ nedel of 13 segments.

Plet is ot 1000 redit. 299.7 Meters sheve the Surfece
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) Plot Er vs Z for o model of 15 segments.

Plet Is of ane radius, the Surface of the Monopole.
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Plot Er vs Z for a model of 15 sogments.

Plot is ot two radil, .3 Meters abave the Surface.
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Plot Er vs T for a model of 15 segments.

Plot is of five radil. 1.2 Meters abave the Surface.
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Magnitude E, (v/m)
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Plet Er vs Z for o model of 15 segments.

Plet is at ten radil, 2.7 Meters above the Surfoce.
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Plot Er va Z for @ medel of 13 sogaents,

Plot 1s @t 100 ruiil, 29.7 Meoters aheve the Surface.
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Plot Er va Z for @ wedel of 13 sogmente,

Plet I @t 1000 redil. 2997 Meters abeve the Surfece
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Plot Epeck vs Z for a medel of 15 1egments,

Plet Is at one radlus. the Surfoce of the Monopole.
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Plot Epeak va Z for a mode! of 15 segments.

Plot Is at twe radil. .3 Meters above the Surface.
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Plot Epeck vs Z for o model of 15 segments.

Plet 1s ot five radil. 1.2 Meters cbove the Surface.
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Plot Epeck vs Z for a medel of 15 segments.

Plet is at ten radil, 2.7 Meters cbove the Surface.
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Megnttude Eyp,, (v/m)

Plot Epock vo Z for o medel of 15 sogments.

Plet is ot 100 redil, 207 Meter: cbeve the Surfoce.




Plot Epock vs Z for & medel of 15 sogments.
Plet is @t 1000 redil, 209.7 Meters abeve the Surfoce
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Magnltude E, (v/m)

Plot Ez ve r for a model of 15 segments,

Plet 1s ot 2/100th the monopole height aleng the r axis.
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Plet Ez vs r for o model of 15 segments.

Plot is at 174 the monopole height along the r axis.
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Plot Ex va r for o model of 15 segments,

Plet is ot 1/2 the monopale height along the r axis.
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1
Plet Ex vs r for a model of 15 segments.
Plot Is at the height of the menopole aleng the r auis,
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Plot Ex vs r for o model of 15 segments.

Plot Is ot twice the manopole height along the r axis.
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Plet Er vs r for a model of 15 segments.

Plot Is at 2/100th the monopele height aleng the r axis.
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Plet Er vs r for o model of 15 segments.

Plot ts ot 174 the monopale height along the r axis.
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Plot Er va r tor a medel of 15 segments.

Plot 1s ot 1/2 the monopole height along the r oxis.
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Magnltude E, (v/m)

Plet Er va ¢ for o model of 15 regments.

Plot 1s at the helght of the monopole along the r axls.
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Plot Er vs r for a model of 13 segments.

Plet Is at twice the monapole height along the r axis.
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Plot Epeck vs r for o model of 15 segments.

Plet 1s at 2/100th the menopole height along the r oxis,
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Magnitude Epq, ¢ (v/m)
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Plot Epeak ve r for a model of 15 segments.

Plet is at [/4 the monopole height along the r oxis.
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; Plot Epeak vs r for a model of 15 segments. ‘v

Plot is at 172 the monopole height along the r axis.
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Plet Epeck vs r for o model of 15 segments,

Plot Is at the height of the monopole along the r axis.
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Plot Epeak vs r for a model of 15 segments,

Plot Is ot twice the monopole height along the r axis.
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Plot Hphl vs Z to twice antenna height. 13 segments.

Plot Is at one radius. the Surface of the Monopole.
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Magnitude H, (a/m

Plat Hphi vs Z to twice antenna height. 13 segments.
Plet Is ot two rudil, .J Meters cbove the Surfecs.
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Plot Hphl v Z to twice antenna heigiv. 13 segments.
Plot 1 at five radil, 1.2 Meters abeve the Surfoce.
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Plot Hphi vs Z te twice antenne height. 15 segments.

Plot Is ot ten radll, 2.7 Meters above the Surfoce.
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Plet Hphi vs Z te twice entenne heigiv. 13 segments,
Plot Is at 100 redil, 29.7 Meters Gheve the Surface.
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Plot Hphi vs ¢ for a medel of 13 segments.

Plot Is at 2/100th the monopole height along the r axis.
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Plot Hpl va r for g model of 15 segments.

Plot is at /4 the monopole helght along the r oxis.
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Piot HpiM v r for @ medel of 13 segments.
Plot ks at 172 the menopole height along the r axis.
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Plot Hphl vs r for @ model of 15 segments.
Plat is at twice the mencpole height along the r axis.
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Plot Ex vs £ for @ medel of 19 sogmonts.

Piat It .J cm frem menesele auls aiong the z exis.
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Plet Ex ve x for @ medel of 19 regments.
Plot is .6om from the menepeie uxts deng the 2 exis.
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Plet Ez vs £ for a medel of 19 segmenis.

Plat s | am frem the menepele exis deng the x axie.




Megnitude E, (v/m)

Plet Ex vs 3 for @ nedel of 19 segueme.

Plet Is 2 om frem the menepele axis sleng the 3 exis.
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Plot Ez vo 1 for @ medel of 19 sogments.

Plet is J cm from the menepele exis dleng the x exis.
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Plot Ex vs z for @ wedel of 19 sogments.

Piet is 4 an frem the menepeie axis deng the x exie.
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Plot £z vs x for @ medel of 19 sogments.

Mot 15 5 con from the menepele ais slong the z axis.
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Plot Ex ve 5 for @ medel of 19 rogaents.

Plot s 6 cm frem the menepele auis along the s exis.
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Plet Er ve 2 for @ medel of 19 sogments.

Mot 5 .3 an from the asnepeie axie deng the 3 exte.
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Piot Er vs 2 for & medel of 19 sogments.

Plot s .bcm from the menepele auis sleng the & exis.

oo~
L
]
1 |
1 |
j
, 100+
5 3 ]
% ~\ b
3 1
ol 4
. L
b
1
Y 0.04 0.00 ™ 0.0 N
: Distence Z )
y
- Tigure 3-10
141




Plot Er v 1 for @ medel of 19 sagments.

Piot s | am frem the menepeie enls aleng the ¢ exis.
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Plot Er vo 1 for @ medel of 19 sogments.

Mot s J em from the menepeie exis slong the x axis.
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] Plet Er vs 3 for @ medel of 19 regments.

Plet is 4 cm from the menepele axis aleng the = exie.
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Plot Er v 1 tor @ mede! of 19 sogments.

Plot is 3 em from the mecepele exuls deng the = exis.
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Plot Er v¢ x for @ medel of 19 segments.

Plot is 6 en from the menepele exis eleng the x exis.
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