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m \What
= How

® Programs
¢ NEC based
¢ Others

®m Program extensions
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m Mathematical

¢ Chain Home Radar Antennas (WW2)
¢ Derived from Maxwell’s Equations
¢ Proven on large antenna ranges

m Scale Models

. Full;,e
¢ MOdelfrequency — modelg;,e * FuuSiZ@frequency
_ Jfullsize
* M Odelconductivit — X f uuSiZ@conductivit
Y Modelgj,, y

m Computer Models
¢ NEC (Numerical Electro-magnetic Code) US Navy
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Mathematical . sgr ,A \
Model Img et GO D

= Original DRAO <

(Dominion Radio

Astrophysical Observatory)

Antennas

The main goal of
the T-shaped
radio telescope
at Penticton was
to produce a map
of radio sources

The 1,700 cedar posts of the 1.3-kilometre radio telescope.

I n O u r g al axy Source: National Research Council of Canada/Herzberg Institute of Astrophysics/Dominion Radio
Astrophysical Observatory
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A 10:1 model

Eg 300 MHz antenna
(1m) on a 30m aircraft
Is mainly for initial
pattern measurements.
For impedances the
model scale must be
reduced to 4:1 or 2:1.
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Codes are based on a full-wave formulation of the
Maxwell's equations and associated boundary
conditions. Some other codes are based on an

asymptotic solution of the Maxwell's equations.
m  Finite-Difference Time-Domain method (NEWS, X-NEWS)

= Finite Element Method (FEM, X-FEM)

m  High Frequency Structure Simulator (HFSS)

= WirePlate (WIPL)

m  FEKO "FEldberechnung fiir Kérper mit beliebiger Oberflache"

®  Numerical Electromagnetic Code (NEC)

m  Electromagnetic Surface Patch (ESP)

= NEWAIR (Geometric theory of diffraction, GTD based)
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®m Most codes are based on the Method of Moments
(MoM) integral formulation of Maxwell's equations

¢ Most Amateur programs break the model into a number
of current driven elements and then combine the effect
of the fields EG NEC
¢ There are limits to “free” versions
» Wires cannot meet in the middle of a segment
» Wire intersection angle limit
» Wires must be the same diameter (tapers can be “fudged”)

» Wires in close proximity must have their segments
matched

» Other limits
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m Developed by Lawrence Livermore Laboratory in
1981 for the US Navy based on the AMP program
contracted in 1970

m Antenna is divided into short segments with
linear variation of current and voltage.

m Developed in a number of stages

¢ NEC2 models in free space or over finitely conducting
ground. Free (with a command line interface ) so used in
most NEC programs.

¢ NEC4.2 smaller structures, accurate stepped radius and

junctions, improved ground modelling (buried
conductors)rRequires $US500 license.
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m Available in a number of variations

Demo 20 segments (ARRL version 500) Free
EZNEC 500 segments $US99

EZNEC+ 2000 segments $US149

EZNECpro 20,000 segments $US525
EZNECpro/4 $US675 (NEC4 engine)

— License must be approved $US500 for non-
commercial use.

® 6 ¢ O o
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= An “add-on” for EZNEC allowing you to

“parameterize” the program by using variables to
control aspects of the module.

¢ Excel taken to the limit!

¢ Simplified data input

¢ Improved results presentation

¢ Free demo (30 segments or EZNEC limit)

¢ Full version $US79
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B [ree

= TwO programs

¢ ANEC2 (basic NEC 2 engine but supports NEC4)
¢ ANEC2X (Extended) 3D presentation

®m |Includes and optimizer and sweeper
m |[mproved input and output compared to EZNEC

9/30/2018 TechTopics 10
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" $US29

m This is an improved version of that released by
NTIS based on the NEC2 engine.

® Thisis a 1991 review of MiniNEC by Roy Lewallen
(the author of EZNEC)
L 4
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m Free in basic form
¢ 83192 Segments
¢ Similar to EZNEC

= Pro version available for €139
¢ 45,000 segments
¢ Improved graphics
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" Free (NEC2 based)

m Basic interface to NEC2

9/30/2018 TechTopics 13
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http://raylcross.net/asap/

So What to use?
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EZNEC $US99  Free versions too restrictive Most common
AutoEZ $US79  optimizer, Same segments  Requires EZNEC
as associated EZNEC Improves in/out
ANEC2 Free Same as NEC engine Roughly ~=
EZNEC+AutoEZ
NEC Free 2000 segments No user interfaces
NEC4-2 $US500 20,000 segments Use with 4NEC2
MININEC $US29 2000 segments? Also free basic
MMANA-GAL free 8192 segments Pro €139
ASAP Free 2000 segments? Basic interface

There are many more programs available

9/30/2018 TechTopics
Keith Witney VE7KW
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= 40m vertical with two raised radials
¢ Vary base between -0 to 20 ft
» Special cases, buried radials, slanted radials
¢ Design antenna (resonance, matching)
¢ Determine efficiency
» Set all losses =0 and compare to measured with losses

m Compare input and output of programs
m Show issues

9/30/2018 TechTopics 15
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= Compare
¢ EZNEC
» MMNA-GAL similar
¢ AutoEZ
¢ ANEC?2

¢ NEC
» Original command line interface
» Inspired the “enhancements”
» More basic “enhanced” programs

— MININEC, ASAP

9/30/2018 TechTopics 16
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1. Sketch the antenna (same for all)
¢ ANEC2 has a graphical input

2. Input Model
¢ Wires, segments, Sources and loads

3. Check for problems
4. Run
5. Output results

= Notes:
¢ dimensions 33’ chosen to demonstrate optimization
¢ Slant to demonstrate model input options

9/30/2018 TechTopics 17
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Sketch

Horizontal Radials Slanted Radial
h=-0.5,0,1°,10’,20° (special case 0 to 10’)

33

23 33

10
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59 Wires — O >
e 0 o [ ]
Wire Create Edit Other
[~ Coord Entry Made [~ Preserve Conmections | Show Wire Insulation
Wires
Mo, End1 End 2 Diameter | Segs
* [ft] O[ft] £ [ft] Conn = [ft] [ft) £ [ft] Conn [ir]
1 1] 1] 10 WiZE2 1] ] 43 14 20
2 -33 1] 10 1] ] 10 WiaE2 14 1
| A E] 23] 1] 10 1] ] 10 WE1 14 20
L
AR
i BZNEC+ v. 6.0 ~ | B Sources O
File Edit Optiens Outputs Setups View Utilities Help ]
> 40 m vert 2 raized radials Source  Edit
Open File 40m vert 2 raized radials. EZ Sources
Save As | Frequency 715 MHz i -

Ant Notes Wavelongth 137562 Ma. .Spemftad Paos. . Actual Pos. Amplitude Phaze | Type
Cies > | Wires Fwires, 41 zegments Whire # | ZFrom ET | X FromE1 | Seg | [V, A] [deq.]
Src Dat > | Sources 1 Source ] 1 1] 250 ] 1 ]
Load Dat > | Loads 0 Loads '

FF Tab 3 | Trans Lines 0 Transmission Lines
MF Tab > | Transformers 0 Tranzformers
TR > | L Metworks 0L Metworks
‘-p"|ew.t'-‘mt > | Ground Type Real/High Accuracy
— > | Ground Descrip 1 Medium [0.005, 13)
> | 'wire Loss Copper
> | Units Feet
NEC-2D > | Plot Type a0
FF Plat |
> | Step Size ADeq
> | Ref Level 0 dei
> | Al SWR Z0 75 ohms
> | Desc Options
9/30/2018 TechTopics
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m Uses Excel tables and variables can be used

Create wires Modify wires
Clear All Enter fixed values or Excel Open Model File View Ant ‘ | et Stepped Diia | AutoSeg | AutoEZ version 2.0.24
formulas to define wires.
Loop | Move|Copy | Last updated 21 Jul 2017
Change Units Gave Model As | | Wire Insulation | Radials | Rotate | Dan Maguire, ACBLA
Hide Marked Rows|  Formulas | 1 0.1 e scal http://ac6la com/autoez html
: Diel C  Thk (in) [Frezet e mailto:djm2150@yahoo.com
0zt s S | v Display with [3 v | decimals. ForInformation Only  (at7.1SMHz)f Row(s)
End 1 End 2 Diameter] _Segs Showlengthsin & £t " ul [Segs/wl shaw Bxcel
| xm | ym | zm X | Y@ | Z@® | Gnor®) | (198) Wire | Length | Seglen |(roundeq)| — DEEte __Delete Row(s) _|
0.000 0.000 10.000] 0.000 0.000 10.500| #14 1 w1 0.500 0500 275
0.000 u.uuul 10.500] 0.000 0.000 45.000| #14 65 w2 34 500 0531 259 FETEETE
-33.273 0.000 10.000 0.000 0.000 10.000| #14 66 w3 33273 0504 273 in Notepad
33.273 0.000 10.000 0.000 0.000 10.000| #14 66 w4 33.273 0504 273
If marked here do not write to file. .
{Applies to all Insertion Objects.) Open Model File View Ant
Clear Al Sources (1) Formulas | del h iabl
Sources armulas Save Model As 5 o Variables
in Notepad
’ Wire # | % From E1|Amplitude| Phase | Type
51 1 0 1 0 W
9/30/2018 TechTopics 20
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- = - = g = -9 O ) e o 0o = ) - -9 o e -9 e 0o 0 e = o
m Variables can be used
N 3 Auto-
Clear All Set variables using constants or formulas. Open Model Fle View Ant ‘ | | Refresh
Cells in column C are named a5 indicated.
At 7.150 MHz number of 2egments = 158 e | Create wires
Hame Value Comment Stepped Dia
TwoPi: | 62831853 2* Plj) 1
WLE:| 687812] % | o Optmizer #?p
WL25:| 343908| wa | Read-Only Variables . __Radials_|
WL.001 @ 01378 0,001 & . | VWire Grid
WLorW:| 137.5624| Feet Change Units J
AL - =2 Ares below may be used as a scrafch pad.
Freq or F: 7.150 TestCase Frequency (MHz)
A 10 height above ground
B: 35 total vertical height
D: 33.2733%9 radial length
E 43 end height of sloped radial
9/30/2018 TechTopics 21
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m Several editors including a rudimentary graphics
editor. Can use Variables and formulae. Inputs
EZNEC files.

#7 40m vert 2 raised radials.nec - 4nec2 Edit (file changed) — O et

File Cell PRows GSelection Options

| o st | paf © M

Syrbols |  iGeometw | Soucedoad | Freq/Gound | Others 1 Comrment
Geometry [Scaling=Feet ] [ Usze wire tapering
Ni|Twpe | Tao| Sess| =1| w1 21| =2] w2l  Z2| Radius] | | | comment
2 |'wire 2 ] 1] 0 A+l 1] 0 A+B '016e-3
3 |'wire 3 ] 1] 1] A 1] 1] A T Ee-3
4 |'wire 4 ] ] 1] 1] 1] 1] A 1416e-3
= —

Symbols 'l Geametry | Sowcelload | Freq/Ground | Load(s)
Symbols Mr | Type | Tag-nr| First-seg| Last-segl ~ond [S]|
Mr | Symbols and equations | comment 1 |'wire-cond 1 o 0/ Copper
1 |E=33 Yert ant length 2 |'Wire-cond 2 o 0/ Copper
2 |Db=33 Radial length 3 |'Wire-cond 3 o 0/ Copper
3 |a=10 Height &bove Ground 4 |'wire-cond 4 o 0/ Copper

9/30/2018 TechTopics 22
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m Pure text file
#7 Edit NEC input-file — O 5

File Edit Options
Comment line
Card Comment

IEM |4I:I m wert 2 raized radials, converted with 4necd on 19-0ct-17 346

| Comnt Inz Del Iim| |i
I I I

Ch A0 m vert 2 raized radialz, converted with 4nec? on 13-0ct-17 346
CE
S B=33 "ert ant length
5 0=33 'Radial length
S A=10 Height Above Ground
G 1 1 1] 1] A 1] 1] A+l 2670163
G 2 4] 1] 1] A+ 1] 1] A+B 26701 6e-3
G 3 ] D 1] A 1] 1] A 267016e-3
G 4 4] -0 1] 1] 1] 1] A 8.9416e-3
G5 1] 1] 03045
GE 1
LD 4] 1 1] 1] RE000000
LD ] 2 1] 1] AE000000
LD ] K] 1] 1] RE000000
LD 4] 4 1] 1] SE000000
GM 1
EE
Ex 1] 1 1 1] 1 1] 1]
FR 1] 1] 1] 1] 715 1]
EM
9/30/2018 TechTopics 23
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m EZNEC runs arules check before giving SWR or
field data. Yellow is a warning, Red is an rule
violation.

¢ Fix Source 1 by adding a short wire
¢ Fix wire 2 by adding more segments (auto-segment)

B3 Segmentation Check >

File Edit Segmentation
EZMEC+ wer. £.0

40 m vert 2 raized radialz 2171018 10:48:40

Source 1: Segment connects to mult wires
Wire 2 zegment length too long. L = 33 it; recommended max. = 16.507 ft.
[conzeryative max. = B.87E1 ft].

9/30/2018 TechTopics 24
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Check for problems
AutoEz

m Uses EZNEC to check
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®m \Warnings can be cryptic and assume that you
know the NEC input file rules

dnec? oo

Errors orwarnings found, run "Segment check',

oK

File Edit Format Wiew Help
Hﬂm vert 2 raised radials.nec wavelength=41.93 mtr.

Error: Wire 1, seg 1 (tag 1), seg-len (6) differs more than 5 * seg-len (36) for wire 3

Error: Wire 1, seg 1 (tag 1), seg-len () differs more than 5 * seg-len (43.33) for wire 2

Error: Wire 2, seg 2 (tag 2), seg-len (43.33) differs more than 5 * seg-len (B) for wire 1

Error: Wire 4, seg 32 (tag 4), seg-len (37.62) differs more than 5 * seg-len (6) for wire 1
9/30/2018 TechTopics 26
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Check for problems
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= | imited rules checking
= [ imited Help
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® You can select various outputs e.g. SWR, FF plot
And get tabular data for use in other programs

SWR Sweep Parameters 3D Far Field Table
) select whether to organize the data in azimuth or - ————
Frequency Selection elessation slices’, and what range of angles in each Ok :
'glice’ to inchide in the table. LI
Start Frequency [MHz) E5
Stop Frequency [MHz) |g el
Frequency Step [MHz) ||:|_-|
Organize D ata Az Azimuth Anagle Bange
| Read Frequencies Fram File S elect (= Elevation Slices v Full Fange
File Mame || | © szimuth Siices I 355
| Wirite J J J J
|ONCAP/ADACAP . LR 55
Clear Entries Run LCancel File
9/30/2018 TechTopics 28
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29

-9 = @ - - = - 0o 0 ° o 0o 0 = ° - -9 00 -9 oo oo e = o
m Note can vary multlple variables
I | USE £MEDIE
Clear All Generate E-fld and . E;nl T For Selected Ro: |R (Iirc:ndh :Wa' CharJ Open Model File
Test Cases Mear Field /. 3; __\H‘) g\.ﬁew Ant eal [ High Acauracy
I|l ML T l| % |Average (0.005, 13) ﬂ M
Calculate Only | Calculate Resonate on | i 3D Step | 5%« Wire Lass
Selected Row(s)| All Rows Selected Cell Ly / . Sort
'\.\ ; 4/ Both in Sync Copper = Rows
o o
Processing ... 1150 Melz Plot/Slice Az Angle® Step Size [ [ Indude 3D Datain Calculations 3D Step| 5° « || With E/L/AGT
{see status bar at bottom of window] SWR Zo|[[Elevation = || o :“ hd 3D Pattern Average Gain Avg Gain Test
FregiMiz)] D B Rat Sret | X at Srel [ SWR(S0)|Max Gain| @ EF |Fr/ Back| Fr/ Rear [Max Gain|@ A= @EF| Factor | @8 [RDF | Facter | aB
7.150 33,1 345 3291 -1423 1720 -050 21 0.00
7.150 33,1 35 34300 2080 1483 -049 21 0.00
7.150 33.1 355 3574 10414 1508 -047 21 0.00
7.150 33.1 36 3725 2243 1803 -046 21 0.00
7.150 33.2 34 3150 25325 2154 -052 21 0.00
7.150 332 345 3282 -13.08 1639  -050 21 0.00
7.150 332 35 34300 089 1459  -048 21 0.00
7.150 33.2 355 3574 1135 1534 047 2 0.00
7.150 332 35 3725 2365 1846 -046 21 0.00
7.150 333 34 3160 2406 2106 -052 21 0.00
7.150 33.3 345 3292 -11.88 1661  -050 21 0.00
7.150) 33.27339 35 34.30 0.00, 1458 048] 21 0.00
7.150 333 355 3575 1257 1582 047 21 0.00
7.150 33.3 36 3726 2486 1880 -046 21 0.00
7.150 33.4 34 3180 2285 2059 -052 2 0.00
7.150 33.4 345 3283 -1063 1635 -050 21 0.00
7.150 334 35 34.31 153 1460 048 21 0.00
7.150 33.4 355 3875 1373 1591 047 2 0.00
9/30/2018 TechTopics
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m A bit confusing as a variety of external programs

are called.

Generate (F7) [Mecdd CLIE00] -

" Use original file

Auto-Seam.
Freq:|715 -

[ from file

" Frequency sweep
" Mear Field pattern

" ItsHF 360 degree Gain table
" ItsHF Gain {@ 30 frequencies

= Ful " e i Hor.

Fesal |1 deq.

[ Surface-wave Run Average
Gain Test

[ EHld distance

Ewpert zettingz

Generate Batch Exit

9/30/2018

Tt Geometry Builder (v2.5) - ] X

Patch Plane Box Cylinder Parabola Helix Sphere  Help

Patch

Length X1 h.za  mir
Length X2 1.29

Length Y 1.82

X sections ’T

¥ sections ’T

[~ Use Surface-patches

Start with tagnumber |3

¥ Use auto-segmentation

v Use equal-area rule to set wire-radius

Frequency in Mhz 142
Segmentation mediun +
Rotate X, ¥. Z |l] |IJ |l] I = spymbols alzo allowed
MoveX.Y.Z o o 52 @ Evit | Create |
TechTopics 30
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® Pure command line operation.
®m | imited graphics engine

9/30/2018 TechTopics 31
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Output results nsa
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m Can also get tabular data

B3 SWR Plot: 40 m vert 2 raised radials - | X B 3D Plot: 40 m vert 2 raised radials . O w
File  Edit View Options File Edit View Options Reset
20— | mE EZNEC* | Highlight——— EZNEC+
% 50 ohms A S S A A A A (i
Alt (75 10 ---'---'---:- :--_'_-.'--.'--_'__1__1__'___-___5___'___ ? %rimgtlf_'lﬁﬁce ,I:Z
ohmsz] e | : : E— lew Slhice e
1 = SWR P : 0 30
= 3t - - 4 »
Source # b ! 120
P R Rt L EEE EEE EEL EE CERE L EENEE L L Slice Azimuth
T 0 0 e L .| 180
1':] - S N
6.5 Freg MHz &
-~| 0
Freq TS5 MHz Source® 1
SWH 1.69 Z0 50 ohms Curgor Elew
Z 31.3 at 13.22 deqg.
Refl Coeff 02574 at 154.78 deg. -
=-0.2329 +0.1087
Ret Loss 11.2dB
9/30/2018 TechTopics 32
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m Effect of varying multiple variables can be shown

— Chart Options ——

4 | R = R | N [ | e M52 58I e F1 [ B3k wm e P/ Rear | A Dots On/Off

, ~ R TR 2R ok (A 6 R6 [Ha/5 26| a8 AL a5 355 & ___Line weight _|

50 0.1 4 é
7z - g

30 ( ! T g2
g - ”””” l [ l Fﬂf“f i s Copy to Clipboard
= o O
=10 -1 Make GIF
a AL HHH“““ g -
[V [ 7)) Ef A A b Y g 04 4 M

-0 n

40 0.8
. VAN v

Elevation plot at 0° azimuth
SWR 7o (Fr / Back not computed for Elevation slices unless Free Space)
T -+ Horizontal axis for all charts is:
3
e Frequency
25 1 = (MHz)

4

(Always the right-mosk test Gase input ealumn conkaining any changing walues.)

Slice Max Gain (dBi)

1 Scale: To see exact X and ¥ values
. & Fixed hover mouse over any plot point.
(") Float
a |
7.1507.1507.1507.1507.1507.160 7.150 7.150 7.150 7.150 7. 150 7.150
p v
9/30/2018 TechTopics 33
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Output results
AutoEZ

- = o - - g = - o O ) o o 0 — ) - =9 0o O -0 o0 0 e = o
[ Lhamupoons — |
e o . _ ) j ~
Outer Ring = 163.6 m\{f m RMS 90 @ =163.6 m\Viim Ta change the marker position fo
Zoom T at 21 Elevation use the scrol bar or SLEAET
1200~ . o° click on the irace of either chart. | ATl e | _ Line Weight |
1309
/ \ Reset Marker to Max Gain Point ﬂ_?DTPITE.;
282 IS s aze | Add/Delete Legend
150% Ry Copy to Clipboard
= e os R N E II' Py ipboan
(/ \ / ﬁ Test Case %Make GIF
IN\C \i27 }/ A of 185 Print Preview
| \'n,__ LA o | Frequency 7.150 MHz
a0 T~ R e | o Variable D 33.27339 radial length ﬁ&gﬁ m Elevation Angle h
Variable B 35 total wertical
| | 180 {8 P
1 . / \\ /,r ‘-"
120 \ 7 i
. ; y |
100 4 LY £ |
2107 /330 Freeze Outer Ring g0 4/ \\ ;'f II
. / [ Imvim o |f \ / |
J Leave blank for autematic scaling. 40 4l \ /,- '|
A B =34 set | FreezeMow| ear| | |20 | NS |
E-fid at 1000 m, 10004 T - 00 D=33 o i
Elevation plot at 0% azimuth 270° 7.150 MHz y ﬂ Snapshots \ o 30 80 a0 120 150 130_)
Elevation plot at 0° azimuth O Marker: 163.6 mV/ m RMS Rectangular View Control
Pl . Tot dB v dB H dB at: 21°  Elevation Main Chart  Start Angle  Low Clip
& rar Efd whichis: 0.0 offfrom Swap 40
the: 1636 slice max
Scale:® mv/m RMS I V/m RMS _Power Ground: Real / High Accuracy
9/30/2018 TechTopics 34
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Output results

AutoEZ

® There Is an optimizer

Optimizer Setup

Select the variables that are to be automatically
adjusted by the optimizer. Any unselected
variables will stay fixed at the current values.

Select all

Value Comment

height above ground
total vertical height
radial length

KEREO

Cancel

9/30/2018

-
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- - e o0 o - o 06 o0 e = o
Freg (MHz) Optimization Objective(s) Custom Fr/Rear Range (Optional) §
7150 From "Beain” to "End". CCW Open Model File
18 Good rom “Begin” to “End", Start
Torget Vet Enougn 3&&‘&&‘2‘&&3&323&&3&3%&1 i g&we Model As
IR - 504 fradsasiinniiaiead for Az slices ¥ Round final values to’El decimal places
for El slices . . . .
K [+ Showvariables in floating window
SWR Defaults (blank) | ) ) ) Show Comments
Gain [+ Show pattern in floating window |Small Polar - in Notepad
Fr/Back [ Gain Angle (Optional)
FHEETT B View Ant Calculate and Hide
Defauls | Default | Show Pattern Sheet
(using current variable values)
Target Progress: Time 0:36 for 54 trials
Best=1.520 Start=1.948 Real/ High Accuracy Reset to Latest Start Values | Reset to Selected Log Row
Worst = 1.520 Final = 1.520 (Deka 0.00%)

Elevation slice at 0° azimuth angle

Trial | Freq (MHz)| R at Srct [ X at Sre1 [SWR(S0) [ Max Gain| @ e [3

Wariables to be Adjusted ...

B D E
Summary:
Start 7.150 34.30 0.00 1.458 -0.49 ea | 0.00 35 3327339 43
Final 7.150 57.02 =517 1177 -0.32 21 0.00 41.145 21.587 31.508
(Scrollup to see previous frials. Mote that only "best 2o far” trials are logoed. ) :
Fina R1.177 Ga 2 e _

Optimizer (Outer=

X

& Time0:36

for 54 trials

18I Mmoo

Freguen

TechTopics
Keith Witney VE7KW
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Output results ANEC2 nSar

AMATEUR RADIO CLUB

OO

" There are tabular and graphics outputs
- o X (& pattern (F4) - X

7.15 _[Mhe Show Farfield Mearfield Compare Transfer FFtab  Plot

Axis[ 200 in - .

Sl Tot-gain [dBic] 15 0z
[55 [294
L] zoomL]

Ident| Res
Rotc| Col

7 Truerad.
23] |

v Asis
v Ground
7 s

Structure 'l
Multi-colo v]
Tot-gain 'l
IV ARRL style

Magnituc v

3D Viewer (F9) [ 40m vert 2 raised radials.out ]

15 Yertical plane

Quality
I I 135
FPS  Tris
[ 1AM 150
[59 [65870 A vert 2 raized radia|3.l:|ut_| e 165 -3« dBiz < 549
_ Phi— N - Aan o azin Tha-an
9/30/2018 TechTopics 36
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Output results 4ANEC2

m There are tabular and graphics outputs

? Main [V5.8.18] (F2}
File Edit 5ettings Calculate

- O X
Window  Show  Run  Help

Filename

I 40 vert 2 raized rac

“altage [ B3E+i0v

Impedance IJ|E+j02
Parallel farm 30646255

Frequency 715 Mhz
Wwavelength 41.93 mtr
Current 168-j1e2A

Series comp. 1.1e5 pF
Parallel comp. 3659 pF

9/30/2018

Seg's/patches 34
Pattern lines 5611
Freq/Eval steps kTl
Calculation time 0.250

S R.A0 1.41 Input power [ 100 W
E fficiency [ 9593 % Stucture loss | 4.07] W
Radiateff. [ % Metwork loss | 0 uw
ROF [dB] [ 583 Radiat-power | 9593 W
Excitation/Load data ¥ Loads [~ Polar

Type Tag | Seq | Impedance |VOItage | Pwir | SWwWh

ExO:W-gre |1 1 |355+(02 |596+i0 100 1.41

LD B'wie |1 wire | Copper

LD 5'%Wire |2 | wire Copper

LD B'Wwie |3 wire Copper

LD 5'%ie |4 | wie Copper

start  stop count step

Theta SD SD 181
Phi

NORTH S SHORE

AMATEUR RADIO CLUB

Keith Witney VE7KW

[ ] e 6 6 ™ [ ] - - o0 o - -
¥ /Gain/SWR/Impedance (F5) O x
Show View V/lsource Plot
SR (B0 ohm) 40m vert 2 raized radialz.out & SWR /ref
100
" Gain/FB
=] " Impedance
40 Rezet I
20
10 il Sl
: JE3 Y
4 __I __I
A I
|
2 v Log [
v Grd [
ESEEEY EEBE9TY V1 727V3747RT7E 7778798 MH:z
TechTopics 37




Output results 4ANEC2 nsarg;

AMATEUR RADIO CLUB

® There is a multivariable optimizer

Optimizer: Ready... - O ot
— Settings Yariable Sensivity:

Function Option Weighting factorz [FOM] in X:
[Optimize +| |Defau v|  SwR Gan F/B F/R  Rin Xin  EF.
Yariables Selected |1["] |I] i Iﬂ Iﬂ |I] |1I]I] |I]

I
B=34.189 B [T Surf-wave at distance = |1 Km
0=34.073 i) 1 |

A=10 Theta [p 1] E—
. I galn vl
Fhi 89 (269

Fiesaolution |5 deq. [T Fregewesp

Bun:

dThet [ 0 Frequency
d-Phi [ 0 I?.15 vl
Update NECie | Exit |
Calculated results: Show LUQI Plat result I WYariable Values:
Run: | SWH [Gain (F/B |F/R |R-in |X-n [EIE Res. %|5tep 2| «| |Aun|B |D
3-7| 1.5066 0 0 0] 33.188) 01282 95.65| 013 01 3-7| 34178 34.077
3-8/ 1.5133 0 0 0] 3307 -1.342| 9564 002 041 3-8] 34.146 34.042
41| 1.5084 ] 1] 0] 33.156| -0.603 95.65| 0.00 01 4-1] 3418 34042
41| 1.5108 0 0 0] 33.104| 0613 95.64| 93 01 4-1] 34.146 34.076
4-2| 1.5116 0 0 0] 33101 -0.974] 9565 5e-3| 0.025 4-2] 34155 34.05
4-3| 1.5035 ] 1] 0] 33132| 0607 95.65| 5.e3 0025 4-3] 34.164 34.058
4-4| 1.5078 0 0 0] 33163 -0.24| 9565 5e3| 0025 4-4| 34173 34.085
4-5| 1.5063 0 0 0] 33194| 01282 95.65| 2e-3| 0.025 45| 34182 34.073
4-6| 1.5052 0 0 0] 33.225| 0.4964| 9565 -3e3 EI.D25_I 46 34191 34.081
51| 1.5044 0 0 0] 33.247| 0.6814| 95.65| -1e-3| 0.025 51] 34.2 3408
51| 1.505 0 0 0] 33.233| 0679 9565 -2e3 EI.D25;| 5] 34191 34.09
‘l | _;I 5-2] 34.183 34.073
9/30/2018 TechTopics 38
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Output results NEC

= Mainly tabular
m | imited Graphics

9/30/2018 TechTopics
Keith Witney VE7KW
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g

~
Comments LN btk A

m NEC is an old mainly text based program which
has resulted in many “improvements”

m EZNEC Is most familiar to Amateurs and AutoEZ
adds useful features.

s ANEC2 has all of the features of EZNEC+ AutoEZ
and can use EZNEC files but the work flow is not
easy to follow. The 3D graphics are nice and a
graphics editor may help some people.

m ALL programs require an understanding of the
limitations of NEC especially NEC2.

9/30/2018 TechTopics 40
Keith Witney VE7KW



Special Case ﬂS
“Gull ng” Radlals s

s NEC2 has problems with wires that intersect at an
acute angle. NEC4 can handle this.

Tot-gain [dBi] Yertical plane

1502 5

7.1 MHz 30 a0
-45 45
-B0 a

-7h il
SR (50 ahm) gull wing vert. out
1a
8 90 90

=

g
g 10 105
4
3
2 135

Hor plane 150 150 2.02 < dBi < B.0:

Wer plane 165 165 -939 ¢ dRi ¢ B0z

Theta=90, Phi=0 i 180 Max gain The:90

1
65 EB6 67 68 63 7 71 72 73 74 75 MHz

9/30/2018 TechTopics 41
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Special Case
Buried Wires

NORTH

AMATEUR RADIO CLUB

~

s NEC 2 will not calculate wires in the ground but
using the NEC 4 engine the length of a buried
dipole can be modelled and optimised.

@ Pattern (F4

— *

Show Farfield Mearfield Compare Transfer FFtab Plot

E (theta] [ V/m]

5 MHz

Har plane
“Yer plane
Theta=0. Phi=0

158 Z 15

Yertical plane

150 0< Wim < 7.28
0 Yime 728
Max gain The:0

9/30/2018

E Optimizer: Ready...

- [} X

 Setting VYariable Sensivity:
Function Option Weighting factors [FOM)] in %: [ length
IDptimize vl IDefau vl SWH  Gain F/B F/R R-in *-in Eff.
VYariables Selected |1["] |l] | |l] | Il] |l] |l] Il]
length=3.8139 |length [ Surfwave at distance = |4 K
Thet.
sa oo ITot-gain vl
Phi  fo 180
Fesolution |5__ deq. ™ Freq-sweep
d-Thet 0 Frequency
dFhi [p 1] I?.1 vl
s Update NECHile | Exit |
Calculated results: Show LUQI Plat result I Variable Values:
Fur: | Swh |Gain | F/B F/R_ [R-in_ |=-in | Eff Res. %[Step %[ 2| [Run
31[5.9942 0 a 0] 291.51( 48.183| 100 -Ge-B| 0.1 22
32| 5.9% 0 a 0]292.09| 4645 100[ 8e5) 04 kAl
3-3] 5.9942 0 a 0] 292.57| 45.064|  100[ -1ed4| 04 32
4-1[5.9341 0 a 0] 292.45| 45.409|  100| GeB| 01 33
4-2[5.9341 0 a 0] 292.45| 45.409|  100| GeB| 01 41
43| 5.9% 0 a 0] 292.33| 45.785|  100| 3eB| 01 4-2
44| 59% 0 a 0] 292.21| 46101 100 3eB[ 041 4-3
45 59% 0 a 0] 2921|46.446) 100| 1.eB| 01 4-4
4-6[5.9939 0 a 0] 291.98| 46.792|  100| 2eR| 01 45
51 5.9% i} a 0] 291.86( 47.138| 100 -2e5 01 | 4-6
5-2| 5.9939 0 a 0] 292.01| 46.706]  100{ 3eB| 0025« 51
[« | I3 =
TechTopics

Keith Witney VE7KW
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A Complicated Case
VE7SCC Quad

m 2 el on 30 and 40m
m 4elon 20,17, 15,12, 10

® Models interaction of
elements which iIs
complicated.

m Can add coax matching
sections

B Can model antenna
switching

m Easy to generate model

9/30/2018 TechTopics 43
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A Complicated Case
VE7SCC Quad

nsor

SHORE
AMATEUR RADIO CLUB

- = e - - g - - 9o 0 ° e 0o 0 ™ e - - a a e - a aaa a = a
L} S
g . N ™ ﬂ )
Outer Ring = 1135 m\W m RMS 90 @ = 1135 mV’ m To change the marker position o
Zoom — - at 6° Elevation use the scroll bar or View Ant for
12']': T 607 click on the frace of either chart. _this Test Case | Line Weight
e 203
Ve AN Reset Marker to Max Gain Point oD Plot for e s Ttes |
&E1 TS &5t Lase Add/Delete Legend
150°/ 30 Co "
\ py to Clipboard
' 454 b :
Test Case ;ME 2 GIF
[ ’, ,-“'F> \ [ 32 _| of 41 Print Preview
| ’i’*i"f; i o Frequency 29550 WMHz - =~
180° S 0 Egélm Elevation Angle
o
[ [
. i 1000
500 4
X . 800 -
210 330 Freeze Outer Ring lr /—\
Q g [ Jamam || ol 1N
Leave blank for automatic scaling. [ | .' '|, A )
Set | Freeze Now| Clear | 20 '.,'I I'-.f.-'. ﬁ{}#—d—_{“-m
E-fid at 1000 m, 1000 vi- . 300 | . oo AN
kE'e""’ﬁ“” plot at 07 azimuth 270" 28.550 MHz ) +| Warkeron: _Snapshots 0 £ 0 | 120 180 180
Elevation plot at 0° azimuth © Marker: 1135 mVW mRM| ® FarE-fid Rectangular View Control
"~ Tot dB vd H dB at: B" Elevation (C' WE7SCC quad unused el opep 40m.pf | Main Chart  Start Angle  Low Clip
et ' Far E-fid whichis: 0  offfrom C Swiap 40 -
the: 1135 slice max (C) WE7FSCC quad unused el opep 15m.pf
Scale:® mv/m RMS © v/m RMS Pawer|l  Groynd: Real / MININEC C
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A Complicated Case nsa‘

VE7SCC Quad

3D Viewer (F9) [ VE7SCC quad 85ft m.out ] = O X

71 Mhe & [ohrm) Phaze
Axis| 50 ft oo

Theta Phi
e =0 | o0

f_.] zoom _Z_]

Ident| Res| B0
Rotc _CLI] a00

™ Truerad

Gl o 400
v Asis 200
¥ su

Structure ¥ }

Multi-colo v
Tot-gain v]
IV ARRL style

Magnituc v

200

100 -20
i 7.05 71 715 7.2 7.25 7.3 MHz

Quality
< 1]
FPS Tii's

[60° [81474
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Sinclair 440 Beam nsa?fé

NORTH SHORE
AMATEUR RADIO CLUB

= John White showed this as part of his Yagi presentation

m NEC 4 should be used to model the cross-overs which are
too close for NEC2 but NEC2 works by using the equivalent

2 sources. p

b
b

AN

9/30/2018 TechTopics
Keith Witney VE7KW
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A NEC4 Case
Sinclair 440 Beam

nsor

NORTH HORE
AMATEUR RADIO CLUB

—

®  The matching appears to be dependant upon the interaction of the

folded dipoles as otherwise 1/4A 1250hm coax would be required.
This curve was confirmed with an AIM600 but with better SWR.

20
" 50 ohms

Alt[200
® ohimg)

1 =l
=1
Source #

9/30/2018

INF EZNEC | Total Field EZMNEC+
10 |
SWR !
5|
1.5 1 444 MHz
; Azimuth Plot Cursor Az 0.0 deqg.
ML Elevation Angle 0.0 deg. Gain 9.27 dBi
406 Freq MHz 516 Cuter Ring 5.27 dBi 0.0 dBmax
Freq 444 MHz Source# 1 . . 0.0 dBmax30
SWR 1.35 70 200 ohme 30 Max Gain 927 dBi
Zz 2429431-_11;:1‘1&3- Slice Max Gain 927 dBi @ Az Angle = 0.0 deg.
= - . onms
Refl Coeff 0.1484 ]ﬁt—42.DT deg. Front/Back 2012 dB
=0.1102 -  0.09943 Beamwidth 57.8 deg.; -3dB @ 331.1, 28.9 deq.
Retloss 166dB Sidelobe Gain  -10.85 dBi @ Az Angle = 180.0 deg.
Front/Sidelobe 20.12 dB
TechTopics

Keith Witney VE7KW
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