APPLIED COMPUTATIONAL ELECTROMAGNETICS SOCIETY (ACES) 1
NEWSLETTER

Vol. 10 No. 2 ' ' July 1995
- TABLE OF CONTENTS
OFFICERS' REPORTS

President's Comments - Hal Sabbagh .......ccccuoiiiiiiiiiiiiiiiiiii e e eien 4
Secretary's Report - PeITY WREIESS ....oueiuiiiiiiiiiiiii ettt e e e een 5
COMMITTEE REPORTS _
ACES Committees ........cccecenvenennnnnn. erterteeeuverienteaisarareeabags s irene e b st s s et et susetteesaanantesnsnsitn 7
ACES Publications - Perry Wheless............... G S 8
Awards - David STEIN ....ccuuiiiiiiiiiiiiiiiiiiei ettt e et e e e e e et e e e aeenes 9
Conference Committee - Richard AdIET ..........cccceiiiiiiiiiiiiiiiiieeiiiiee e ee e e eeeeans 10
CEM News from Europe
"Review of Low Frequency Electromagnetic Field Modelling in UK" - C.R.I. Emson ........ 11
COMPUTATIONAL ELECTROMAGNETICS ON THE INTERNET - Todd Hubing............cccceeevvunnnn. 16 4
MODELER'S NOTES - Gerald BUTIKe .......c.ciuiiiiiiiiiiiiiiiiiiieeeee ettt et eeaans 17 |
"Validation of NEC2 and Z by Feedpoint Reactance of Monopoles" - R.B. Holland................ 18
"NEC-MoM News" - Gerald J. BUTKE ........couuiiiiiiiiiiiiiiiiiicciiccitiie ettt eeeeea e 22 ]
PERSPECTIVES IN CEM | - |
"Designing Microwave Absorber Rooms with Computational Electromagnetics”
RuPETCZ ittt ettt s ee e tte et e et e s s eraeran e ranearanenenernnies 25 {
THE PRACTICAL CEMist - Practical Topics in Communications - Perry Wheless ...........c........... 28
"Modified Windom Antenna Analysis Using NEC-WIN Basic" !
W. Perry Wheless, Jr. and Mark W. Reed......c..ccooovuvivnerennnn. eeiriessustntornionesrneiiaiansennsas 29 |
TUTORIAL ' |
Introduction - James DIEWIHAK ........veeevveereerireersieeereeereeeseeeesseeeesssesseesssessis enissnueenereiness 39 |
"Mesh Partitioning Schemes of Large Unstructured Meshes for Parallel Finite .
Element Analysis" - Stephen Gedney..................... Brseesssiaosaranasananaiensenannisivgsisoinnnominets 40 .
@
EDITORIAL ' ‘
"Mobile Wireless Personal Communications and the Issue of Bioelectromagnetic Effects” i
RAY PETEZ ...vniiiiiiieici ettt et ettt et a et et e snenn e s e enesnesssesnsnnnas 55
BOOK REVIEW
"Finite Elements for Wave Electromagnetics” - David B. DavidSOn ..........cccceeeviieeieeriinneennenns 57
"Q Factor” - RAY PEIEZ ....ccccuiiiiiiiiiiiiiieieeet e 60
INDEX TO COMPUTER CODE REFERENCES: for Vol. 9 of the ACES Journal and I
the ACES Newsletter...........ccccvvvvennne... eeiusdesteatsannedteeenasessoressaressaaaassnassrinbnnnensrsesaresinsusnbirsan 62 :,
ABSTRACTS OF ACES JOURNAL PAPERS - VOIUINE 9 ....cccvuuuiiiiiiiiiiiiuniiiiiiieeeeeiiieeeeesiaeeneeeeans 64 ‘
HISTORY OF THE APPLIED COMPUTATIONAL ELECTROMAGNETICS SOCIETY i
(ACES) 1985-1994 - RODEIt BEVEIISEE .....uiiuuiiiiiiiiiiiiiiiiiiireitiieeeeteeeeiniiaeseseiaeeeeseranesnneessnns 73 |
VIEWS OF THE 11TH ANNUAL REVIEW ....ooiiiiiiitiiiiiiiitiieietsietneeetneetnesereneesesneernneeesrscanssneans 89 ‘
ANNOUNCEMENTS
1996 ACES 12th Annual Review of Progress Call for Papers ........cc.cceeeevvueeiiinneeiieererenennnnnnn.s 98
Subseription Rates AQjUSIMENt ........ocoiiiiiiiiiiiiiiic et eeeae 100
ERRATA ittt ettt s ettt e et etaba s eaanasbannnasaasnanneessssianeranassnns 100
ADVERTISING RATES ..ottt ettt ettt e et e et e s et eeae e e et e e sassnaeaesstaneeeersanannnanes 100

i

!

ACES MEMBERSHIP FORM ......ccoouiiiiiiiiiniiiniiiititeieicieeteseaesesettt st e e seesenadaesassseseseseseseessesnse 101 |
:

f




MODELER'S NOTES

Gerald J. Burke

For this issue of Modeler's Notes we have a contribution from Ralph Holland, VK1BRH, on NEC results
for the feedpoint reactance of monopoles. This will be followed by an update of NEC subjects from the last
issue and a do-it-yourself change to NEC to reduce the solution time for large matrices.

Holland's results show good agreement in feedpoint reactance between NEC and the simple formula
attributed to Howe. I1do not have access to references [ 1] and [2] that Holland cites, but it would be interesting
to trace the history of the bicone approximations for dipole or monopole capacitance. R.E. Collin, inAntennas
and Radiowave Propagation, McGraw-Hill, 1985, gives the form of Holland's equation (8) derived from the
biconical transmission line analysis of Schelkunoff, Advanced Antenna Theory. Collin says that it is "not
very accurate but does provide a useful estimate.” In the earlier book Antennas, Theory and Practice by
Schelkunoff and Friis, Wiley, 1951, page 305, the form of Holland's equation (9) (Howe's form) is obtained
for the antenna capacitance by including the effect of the wire ends on the charge distribution. Holland's
results show that the end effect is worth including at zero cost in complexity. Of course Schelkunoff's and
Howe's equation do not take account of the source gap width, and NEC does so in a "fuzzy" sense, so the
agreement would no doubt be different for thicker wires.

Anyone who has comments on material covered here, suggestions or observations on using NEC or
other modeling codes or can submit an article on EM modeling topics is encouraged to submit them to:

Gerald J. Burke
Lawrence Livermore National Lab.
PO Box 5504, L-156
Livermore, CA 94550
Phone: 510-422-8414
FAX: 510-422-3013
e-mail: burke2@IllInl.gov

Any contributions will be very welcome, and thanks to Ralph Holland for his results on input
reactance. § .
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Validation of NEC2 and Z, by feedpoint reactance of monopoles.

Ralph Bruce Holland, VK1BRH
8 Hardy Place,
Kambah, ACT. 2902,
Australia.

Abstract

It is a well known fact, in pfactical circles, that the reactance of a short linear radiator
is related to its static or low—frequency capacitance. This relationship holds true for
lengths up to 1/20 of a wavelength [1]. This capacitance can be used to determine the
average characteristic impedance of that radiator and to validate the performance of
NEC [3].

Introduction

Short radiators can be considered as a uniform transmission line with little or no losses
per unit length [1] - ie the propagation constant is nearly pure imaginary and the
characteristic impedance is nearly pure real. For such cases, the transmission line
formula [1][2][4][5] can be simplified with the relationship between the input

impedance, characteristic impedance and length given by: ,
X; = —Z,cot(Bh) {h height, § = 2m/\} 1)

When Bh is small (h<= A/20) equation 1.0 can be approximated by:
X;=-Z,/Bh )]

The characteristic impedance is also related to the inductance and capacitance per unit
length by the following equation [2]:

Z, = R(1-(a/B)j) {o. is the attenuation constant}
=R, {when a is small} 3)
R, = V(L/C) {LHm", CFm™} )

The capacitance C and inductance L (both per unit length) [1] are also related to the
intrinsic properties of the media in which the object is located. The relationship for
free—space is:

LC = pe, =1/c2 {c = speed of light} 5)

Equation 5 and equation 4 can be combined to arrive at:
C=1/(cR,) =3,3356x10"%R, {C=Fm™} (6)

Capacitive reactance is given by the familiar formula: ,
X, = -1/(®C,) {C, in Farads, o = 2xf, f in Hz} @)

Several formulae have been provided by various authors to arrive at the characteristic
impedance of monopole radiators. There is some contention about which formula to
use to determine Z; this is complicated by the fact that the characteristic impedance of
a linear element is not uniform across its length.
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Schelkunoff [1] states, from biconical dipolc theory, that for a monopole:

R, = (§/2m)[In(2h/a)-1] {€=V(no/eo) =377} ®
While Howe [1] states for a monopole that:

R, = (¢/2m)[In(h/a)-1] ©)
Verification

NEC-81 [3] was used to simulate the feed—point reactance X; for various vertical
dipoles in free—space. The corresponding X; were divided by two to relate them to
monopoles over ideal ground. (Recall that the impedance of a monopole of length h
fed against a perfect ground is half that of a dipole of total length 2h.) The negative X;
were transformed to the equivalent capacitances by equation 7.

Figure 1 shows the input capacitance (Co) for various antenna lengths h (with a
constant radius of 1.22x10m) versus frequency. Note how the curves are linear at the
lower frequencies as suggested by equation 2.

Figure 2 shows the variation of capacitance per metre (C) with height (h) and radius(a)
for short monopoles operating in the linear reactance region where h <= A/20. Both
NEC?2 results and Schelkunoff's formula are plotted. NEC2 shows a relatively good
correspondence with the Schelkunoff theory. However, if Howe's formula is used to
determine C, it will correspond even better to the NEC2 results for small h/a. Equation
7, and the monopole length was used to reduced NEC2 data to C, while equation 6 was
used to convert Ro derived from Howe or Shelkunoff to C.

Figure 3 plots the differences between the NEC2 results and the two formulae. A
simple modification has been applied to Howe's formula to minimize differences.

Conclusion

Such good correspondence between base reactance and the derived Z, means that
NEC?2 is reasonably accurate in determining the reactive component of short radiators.

The correspondence between the derived Z, and Howe's formula over a large range is
also validation of Howe's work. This suggests that Z, calculations for short antenna
loading etc. should employ Howe's formula rather than Schelkunoff's.

References

[1]  H. Paul Williams, "Antenna Theory and Design Volume II”, Sir Isaac Pitman
and Sons Ltd., Second Edition 1966, p42-55.

[2] H. Paul Williams, "Antenna Theory and Design Volume 1", Sir Isaac Pitman
and Sons Ltd, Second Edition 1966, p107-113.

[3] G.J.Burke and A.J. Poggio, "Numerical Electromagnetics code (NEC-81)", |
UCID-18834, Lawerence Livermore National Laboratory, "CA, 1981.

[4] John D. Kraus, "Antennas”, McGraw-Hill Book Company, Second Edition,

1988.
19




[5] Simon Ramé, John R. Whinnery, Theodore Van Duzer, "Fields and Waves in §
Communication Electronics”, John Wiley and Sons Inc, Third Edition 1994,
p248-249.

ad

Fig 1 NEC2 monopole Co for h and f (a=1.22mm)
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Fig 2 Variation of C with h/a
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