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Background

¢ NEC = Numerical Electro-magnetics Code il
¢ Written in FORTRAN in the 1970s at Lawrence Livermore National Laboratory' '-

¢ The code to NEC2 (version 2) was publicly released in the 1980s and is still
widely used (probably because it's free!). NEC5 can be licensed for $120!

¢ MiniNEC2/3 (version 3=1986) are an open source re-write of the NEC2
engine, with some limitations, but also with some newer features

‘= Engines:

s Programs:

¢ A4NEC2 is a (free) Windows program that adds a graphics Ul and full variable
parser to the NEC2 engine (can use NEC4, and with tweaking NEC5).

¢ EZNEC is a (now free) windows program with nicer graphical views, but only
straight elements, no variables, and limited resizing options

¢ MMANA is a (basic=free/advanced=paid for) program using the MiniNEC3
engine, with a nice graphical editor, but limited expressions.

¢ CocoaNEC is a Mac application, similar to EZNEC



Main NEC (and MiniNEC) limitations

Wires are split into segments, the segments should be:
¢ 1/1000™ to 1/20" of a wavelength long (more segments = slower run time)
¢ Longer than their diameter (greater than 2x diameter preferred)

Segment intersections should:

¢ Have lengths within 5:1 (3:1 preferred) of their neighbours

¢ Not overlap more than 1/3 of the neighbouring segments (acute angle limits)

Feedpoints will be a single segment (so at least 1/1000" of a wavelength long)
Parallel wires must have similar (sometimes very similar) segmentation

Wires near ground (Note: NEC2 only, fixed in the paid for NEC4 and NEC5)

¢ All wires should be least two diameters above ground
¢ Wires cannot touch ground

The good news: Many errors are really warnings, often the results
are “close enough” for a starting point. '



Other simulation problems

//'» Auto segmentation options:

¢ Don't always give good results (checks still fail)

¢ (Can generate lots of segments (2x segments=4x time!)
« Modelling capacitors and inductors/traps, is difficult/limited:

¢ Have to define a segment, then apply modifiers

¢ Really only supports LCR in series or LCR in parallel
» Modelling helix, arcs and cylinders is extremely complex

¢ Their definition puts them at (0,0,0)

¢ Need to be moved/rotated in 3D space to where they should be

¢ (Not supported by EZNEC) |



NEC file commands

The NEC/MIniNEC engines are driven by a file of commands, one per line:

CM  Comment Line

EX Excitation (feedpoint) *

FR Frequency

GA  Wire Arc Specification *

GD  Additional Ground Parameter
GH  Helix/Spiral Specification *

GM  Move/Copy segment(s) *

GN  Ground Parameters

GR  Generate Cylindrical Structure *
GS  Scale Structure Dimensions (default is meters)
GW  Wire Specification

LD Loading

SM  Multiple Patch Surface *

SP Surface Patch *

SY Set variable **

' Rest of line ignored (per line comment)

* = Not supported by EZNEC ** = ANEC2 extension



What does 4NEC2 offer?
Editing:
¢ Simple graphical editor
¢ Old/New Line based editors with syntax checking entry
¢ Notepad for full edits (best for copy+paste)
Metric (meters) or imperial (feet or inches) input and display

Allows: variables, calculations, and expressions

Supports: Arc, helix, cylinder, and move/repeat NEC commands
3D viewer for antenna design

Simple SWR sweeps, Smith charts (up to 256 frequency steps)
Near field and Far field plots in 2D and 3D

Multi-pass optimizer to tune SWR/gain/other



Why use variables®? (4NEC2 only)

 Variables allow:

¢ A common place to define things like:
height, frequency, wavelengths, offsets, diameters, etc.

¢ (Calculations/expressions avoid pre-calculated “magic” values
¢ Allows parameter based designs

¢ The optimizer can automatically adjust variables to improve
SWR/FB-Gain/Gain...

« The graphical editors don't allow for this!
e Il Maths alert !!

¢ |s basically algebra!
¢ Often involves basic trigonometry (Sin/Cos/Pythagoras)!



Variables and expressions (4nec2 only)

The SY command defines variables:

Notes on variable names:
Case insensitive (“load” and “LoAd” are the same)
Expressions can also be used instead of values:  Muyst start with a letter, can contain a-z,A-Z,0-9,

SY name=expression 'Syntax

Operators: Must not be a predefined symbol or token
i édd Max of 64 names available
- ubtract
*  Multiply
/  Divide
A Raise to power
Functions:
sin(angle) 'Sine of angle in degrees
cos(angle) '‘Cosine of angle in degrees
tan(angle) ‘Tangent of angle in degrees
atn(val) '‘Arc tangent, returns angle in degrees
sqr(val) '‘Square root
exp(val) 'Exponent (e”val)
log(val) '‘Base e logarithm
log10(val) '‘Base 10 logarithm
abs(val) '‘Absolute value (maps -ve or +ve to +ve)
sgn(val) 'Return -1,0,+1 depending on sign of value
int(val) 'Rounds to nearest integer

mod(val,div)  'Modulo arithmetic (remainder after division)



Simple inverted V - example

A Z=M-H

Straight wires use X,Y,Z start, and X,Y,Z end coordinates, so we need to calculate X

SY M=8.0 'Midpoint height (in meters)

SY H=5.0 'Endpoint height (in meters)

SY F=0.08 'Feed point is 8cm wide

SY R=0.0005 'Wire is Tmm in diameter = 0.5mm radius
SY W=0.25*300/7.100 'Quarter wave length at 7.1MHz

SY Z=M-H "Vertical height of wire

SY X=sqr(WA2 - Z*2) 'Pythagoras: W 2=X?+Z72 => X2=W 2- 72 => X=A(W 2 - Z?)

' TagSegs X YZ X Y Z Radius

GW99 1 -F/2 OM F/20 MR 'Feed point is at top of middle pole, F/2 left, F/2 right
GW10 45-F/20 M -X 0HR 'Left span, from feed point at M to -X at H

GW11 45 F/20 M X 0HR 'Right span, from feed point at M to X at H
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“NEC Editor (new)” example #1

From the previous page, we can enter the following into the editor

ﬁ' v-2wlb-classic-40m.nec - 4nec2 Edit — | > =4
File Cell Rows Selection Options
—""
{S umbol ariable with value or equation I Upd Ins. I Del @I i 1
Symbols 1 Geometny) T Source/Load \[ Freg /Ground ] Others T Comment
Symbols
Mr | Symbols and equations | comment -
1 EM=8.0 ¢ Midpoint Height above ground ]
2 |H=50 Endpoint Height above ground
3 |F=0.08 Feedpoint size
4 | R=0.0005 wire radius
5 |v=09635 Wire velocity [also adjusts for nearmess ta ground]
B | Cw/=y=0.25*299 792458/7.100 174 W avelength [length of each wire]
7 | CZ=M-H Yertical span of each wire
8 | Cx=sqif[CWwW=CWw]-[CZ2*C2)) Horizontal span of each wire lj
<1 | i3
Scaling 2
G Meters(— Feet C Inch 'l‘;‘:fg‘ﬁ‘ " Custom Factor [1.0 //“T_\
Symbols | Geometry 1 Source/Load 1 Freq. /Ground ] Others ] Comment
Geometry [Scaling=Meters | I Use wire tapering b
Mr | Type | Tag] Segs| 1| v1| Z1| =2| v2| 22[adius| | | |comment =
1 Fwie i 99 1 -Ff2| 0 M| F/2 0 M R Feed point is at top of middle pole, 1/2 lefl
2 | e 10 45 -F/2 0 MO o H R Left span. from feed point to -C at H
3 |wie 11 45 F/2 0 M CXx 0 H &l Right span. from feed point to £F at H Sl
SIT
1 +FIr



Example: Vertical dipole + radials

3 equally spaced radials at A degrees from vertical

Height above ground is H
Q=1/4 wavelength
Some trigonometry:

¢ CS=Q%*sin(A)

¢ CH=Q*cos(A)

¢ CX=CS*cos(30)

¢ CY=CS"sin(30)

Side view

(0,0,H+Q)

~ (0,0,H)

X (0,CS,H-CH)

Top view

(0,CS,H-CH)

"}(Vo'
‘bQ

(-CX,CY,H-CH) (CX,CY,H-CH)




“NEC Editor (new)” example #2

e | |
ety | . . . .
e || From the previous page, we can enter the following into the editor
B '.-C| 1 |
k1t | ||
| E.::_".L_::?Ill | $2? dipole-radials-2m.nec - 4nec2 Edit — O = % |
L .". i File Cell Rows Selection Options 1 .'-. L1
5 .'."I'_ ! |Symbol A anable with value or equation I Upd Ins. | Del I g HI L] "_'.I'_ .
. Symbols 1 Geometry 1 Soucelload | Freq/Ground | Others 1 Comment ) .
LAY Symbols WY
" Mr | Symbols and equations | comment . LA
L1k 1 =145 0 : Freg (_ AT
1R 2 |w=093 Welocity TR
[ 3 |H=7 Height above ground [
iIftl 4 |R=0.001 wire radius ilh}
[ 5 |a=30 B adial angle from wertical [
{1 6 | CO=v=0.25+299.792458/F | Quarter wave length ]
FI 7 |CF=CQ/200 Feed point size I
[ I 8 |CS=sin(A)"CQ | Sideways offset from centre line I (I
{1l 9 | CH=cos(&)"CQ Height cffset from midpoint T
f .I i 10 | CX=cos{30)*CS ¥ offset for diagonal radials |
[df 11 | C¥'=sin[30)*CS Y offset for diagonal radials
(|
'.' | .'- Scaling — O bd
if (i (+ Meters (" Fest  Inch }":ng_ﬁ‘ " Custorn Factor II 0
il
by ooy o M|
[
AN Symbols } Geometry T SourcesLoad T Freq./Ground T Others T Comment
A l--i il Geometry (Scaling=Meters | I Use wire tapering
par | | Mr [Type | Tag| Seqs| 1] Y1 | z1| 2] v2| Z2| Radius| | | | comment
31'-_“;'| i 1 fwie. 1 1 0 0 H 0 0 HeCF F Feed point
b e 2 |'wire 2 45 o 0 H+CF 1} 0 H+CO R Vertical
Er | L 3 |wire 3 45 0 0 H 0 €S H-CH F Near radial
et T 4 |wire 4 45 ] | H Cx cy H-CH R | Forward right radial
- '-:_, ‘5'“-5-1_“ 5 |wire 5 45 0 1] H -£x ' H-CH R Forward left radial
LS - |
R
il .Ié "‘:.1'.-5-"



Example: 3ele Cubical Quad #1

Each element is a square with curved corners
We approximate the curve with a 45 degree angle
Driven element is about 1 wavelength long
Reflector is a bit bigger, Director is a bit smaller
Corner length: CC*=C*+C* so CC=sqr(2*C"2)
If CL is the circumference CI(/CC \
Total of 4 sides = CL - 4*CC

Half of one side is CH=(CL - 4*CC)/8




Example: 3ele Cubical Quad #2

SY S=1.05 'Scale between elements ] i

SY V=0.99 'Radiating element length modifier *_"

SY C=0.02 'Corner cutoff X/Y length (2cm) CI/ i \
SY CC=sqr(2*C*2)  'Corner cutoff diagonal length 4 CC

SY CL1=V*299.792458/145.0 'Circumference Driven
SY CH1=(CL1-4*CC)/8 'Half side length

SY CL2=S*CL1 'Circumference Reflector
SY CH2=(CL2-4*CC)/8 'Half side length
SY CL3=CL1/S 'Circumference Director \ /

SY CH3=(CL3-4*CC)/8 'Half side length

This gives the following entries for the driven element (at Y=0)

#27 cu-quad-3el-2m-fb.nec - 4nec2 Edit — O >
File Cell Rows Selection Options
- - - - =y
{Default straight line wire-lement ™ Upd Ins. Del E
Symbols | Geometry 1 Source/Load | Freq./Ground )| Others )| Comment ]
Geometry ([Scaling=Meters ) [ Use wire tapering
Nr | Type | Taaliegs| x| v 21| x2| vz Z2| Radius| | | |comment
1 Pwie % 1 9 -CH1 0 H{CH1+CC]) CH1 0 H-[CH1+CC) R Bottom element
2 |Wire 2 1 CH1 0 H-{{CH1+CC) CH1+CC 1] H-CH1 R Bottom right chamfer
3 |Wire 3 9 CH1+CC u} H-CH1 CH1+CC 0 H+CH1-CC R Right zide
4 |Wire 4 1 CH1+CC 0 H+CH1-CC CH1 1] H+CH1 R Top right chamfer
5 |wWire 5 9 CH1 1] H+CH1 -CH1 1] H+CH1 R Top element
B |Wire B 1 -CH1 ) H+CH1 -[CH1+CC) 0 H+CH1-CC B Top left chamfer
7 |Wire 7 9 -[CH1+CC) 0 H+CH1-CC -[CH1+CC] 1] H-CH1 R Left side
8 |wie 8 1 -[CH1+CC) 1] H-CH1 -CH1 0 H-[CH1+CC) R Bottom left chamfer s




Example: 3ele Cubical Quad #3

Uses Y offsets for the Director and reflector

SY M=1.05 'Max boom length

SY L=-0.45 'Distance between Driven (at Y=0) and reflector
SY D= M+L 'Distance between Driven (at Y=0) and director

A

e i A

ﬁ' cu-gquad-3el-2Zm-fb.nec - 4nec2 Edit == [
File Cell Rows Selection Options
[Drefault straight line wire-element I Upd Ins. I Del
Symbols ] Geometiy 1 Source/Load 1 Freq./Ground 1 Others 1 Con
Geometry [Scaling=Meters | I Use wir
Ni |[Type | Tagliegs] el A Z1| x2|  w2| 22|  Radius] | | |comment
9 |Wire 21 9 CH2 L H-CH2+CLC) CH2 L H-[CHZ+CC]) R Eottom element
10 |wire 22 1 CH2 L H-CH2+CC) CH2+CC L H-CHz2 R Eottom right charmfer
11 |'wire 23 9 CH2+CC L H-CH2 CH2+CC L H+CH2z-CC R Right zide
12 |"wie 24 1 CH2+CC L H+CH2-CC CH2 | H+CH2 3] Top nght chamfer
13 |'Wire 25 9 CH2 L H+CH2 LCH2 L H+CHZ R Top element
14 |"Wire 26 1 CH2 L H+CHZ -[CH2+CC) L H+CHz-CC R Top left chamfer
15 | Wire 27 9 (CH2+CC) L H+CH2-CC -[CH2+CC) L H-CH2 R Left side
16 |Wire 28 1 {CH2+CC) L H-CH2 LH2 L H-[CHZ2+CC) R Eottom left chamfer
17 |Wwire 31 ] CH3 D H{CH3+CC) CH3 D| H-[CH3+CC) F Eottom element
18 |wire 32 1 CH3 0 HA{CH3+CC) CH3+CC (] H-CH3 R Bottom right charmfer
19 |'wire 33 9 CH3+CC D H-CH3 CH3+CC O H+CH3-CC R Right side
20 |'Wie 34 1 CH3+CC D H+CH3-CC CH3 D H+CH3 R Top naght chamfer
21 |'Wie a5 9 CH3 8] H+CH3 -CH3 (] H+CH3 R Top element
22 |'Wire a6 1 ‘CH3 D H+CH3 -[CH3+CC) D H+CH2-CC R Top left chamfer
23 |Wwire 37 9 (CH3+CC) D H+CH3-CC -[CH3+CC) D H-CH3 R Left side
24 |'wire 38 1 (CH3+CC) B H-CH3 CH3 D| H-[CH3+CC) R Bottom left chamfer
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Analysing a 3ele Cubical Quad #1

1: Launch 4nec2 4: Select “Frequency Sweep”
% 5. Set the “FR:” Start/Stop/Step values
L 6: Click “Generate”

Uak=ier

| Generate (F7)  [Nec2dXS1k5] X

Use original file

2: Select - Open/select file ( cu-quad-3el-2m-fb.nec ) - e T
ar rield patierm
« Freguency sweep

¥ Main [v5.9.3] (F2) — O ped " Mear Field pattern [ from file

File Edit Settings Calculate Window Show Run " ItsHF 360 degree Gain table

Open 4nec2 in/out file Ctrl+O | " ltsHF Gain @& 30 frequencies
Save Output file as Ctrl+5
" Gain (= Ve " Hor. " Full/3D
3: Select - Calculate / NEC output-data Resol IS deg
[ Suface-wave I
T Main [V5.9.3] (F2) = m| X [ E-id distance
File Edit Settings Calculate Window Show Run Expert settings|
Help MNEC output-data F7 |
&R T @3¢ L/Pi/T Matching F10 % FR: Stat| 143 Stop | 147  Step [ 0.05
Fil _ X Start Optimizer F12
lename  [[ou-quad- ki 3 R Graphs: Theta Phi d-Thet
Forward | O | 0 | O
Backward |'-|8I:| | 0 | 0

Generate Batch ﬂj
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Analysing a 3ele Cubical Quad #3

1: Using “Far Field”
2: Set “Freq”
3: Click “Generate”

4: Window/3D-viewer

[Mec2dX51k5]

s

Generate (F7) e

Use ongmal file

L 2
-
=1}
=
W
o
=%
=
9
]
-
2.

~ Frequency sweep
" Mear Field pattern

Freq: [1 45 =

[ from file

ltsHF 360 degree Gain table
ItsHF Gain @& 30 frequencies

& Full " Yer Har.

Fesol |5 deqg.

I~ Surface-wave P Run Average
Gain Test

[ E-fid distance
Expert settings |

Generate

Batch Exit

3D Viewer (F9)

[ cu-quad-3el-2m-fb.out ] — ) =

145 Mhz

Axis| 1 mir

Theta Phi
80 [329

ﬂ zoom LJ

Ident| Res
Rotc| Cal

[~ Truerad.
A | +]

W Asis
-
=

lSlructure o |

[Tot-gain |
¥ ARRL style
IMagn\iutﬂ

Quality
o] fwd
FPS Tn's

[36 ["3858
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 Optimizing a 3ele Cubical Quad #1

A |
TLH |

rI Calculate/Start Optimizer 5: Click “Resume” a few times

AT 6 Click “Update NEC-file”

Ul

A File Edit Settings Calculate Window Show Run Optimizer: Ready... — O =
b1 Help NEC output-data F7 [~ Settings | Variable Sensivity:
g &0 | | &k ) ) Function Option Weighting factors (FOM] in 2%: Bur: | M [
@l@! CARIEY L/PVT Matching  F10 [Optimize -] [Defeu =] SwWR Gain F/B F/R Rin Xin Rad 31| 1.829 01714
Filename | cu-quad- Start Optimizer F12 Sanahlos Gelected 160 }35I 5 . 0 o Tioo |o gj 0_1522 0—11.:$§
H=2.5 M IS Stie e e I ke 6] 1.2313 0.7687
P o E Theta [90 |90 7| -0706 -
LY V=0.3965 [Totgan <] 1] 0.
£-0.02 P [a0 (270 Totgein 81| 1.3%7
2: Set SWR 60%,Gain 35%,F/B 5% 40 | e L 2
" e 0 aln o 0 §=1.0523 dThet [0 o Frequency 101} -1.337
) ) e 45 =] 11-1] 1.2087
3: Select variables: M & L S
). eleCl variables: Update NEC-file | Exit | | (210870 03
I4 . ( :I iCk 11 Sta rt” Calculated results: Show Log | Plot result Variable Values:
[T & FAun:[SWR |Gain [F/B  |[F/R |R-n  [%in |Rad |[Res %|Step|a| [RAun|M L
| 131|1.1128] 978| 981| 9.81|55627| 0388 9354] 94| 01 131]1.0145 -0.418
[{ ;o 132|1.1115) 978 981| 981|55668 0.273] 9954| Ged| 0.025 132/ 1.0147 -0.418
| £3 Optimizer and Evaluator (F12) 133|1.1113]_9.78| _ 98| _ 98| 55562| 0.231] 9954 7.e5| 0.025 133 1.0148 -0.418
| g 134|1.1112| 978 98| 98| 55.555| -0.182| 99.54| Ged| 0.025 134 1.015 -0.417
[EEEmDE i o . 135| 1.111] 9.78| 9.79) 9.79|55.549] -0.132| 99.54] B.e5| 0.025 135| 1.0152 -0.417
I Function Option  Weighting factors (FOM] in 2 136|1.1109]_9.78| 9.79| 9.79| 55.543| -0.083| 99.54| G5ed4| 0.025 138| 1.0153 -0.417
i [Dptimizell [Defa“L, SWR  Gan F/BE F/B B ®in  Had 13-7|1.1107| __9.78| 978 9.78|55.537| -0.033| 99.54| 7.e5| 0.025 13-7] 1.0155 -0.417
[ 60 (3 5 0 o Ti00 |0 138|1.1106| _9.78| 9.78| 9.78| 5553 0.016| 9954) 2ed| 0.025 138| 1.0157 -0.417
Variables Selected | ; . 139 1.1105| _9.78| 877| 9.77|55.524| 0.0653| 99.54| -9e-4| 0.025 138/ 1.0159 -0.417
- Suifwave atdistance = [1 Km 141|1.1107) _978| 978 978|55534] 0.0247| 3954| -1ed| 5ed 14-1] 1.0157 -0.417
E=§f§e_3 hl_” I | | : 141|1.1107| 978|978 9.78|55533| 0.0132| 9954 1.e5| 53| | |141]|1.0157 0417
=0,9965 Thlela 90 |90 Im | » 14-2| 1.0157 -0.417 I
C=0.02 Phi 9Q (270 T |
Lis M=1.03 : bt
_;'“i-_ L=-0433 Resolution E5 deqg. I Freg-sweep I
e dThet [p o Frequency :
o e e e ]
1\'_ Start | Update MEC-file | E xit LHTIE
[Ba e {1k

5

F



~ Optimizing a 3ele Cubical Quad #2

1. Set SWR 100, Freq to 144.5
2: Select variables: S & V

4: Click “Start”

5: Click “Resume” a few times

E Optimizer and Evaluator (F12)

Settings
Function Dption Weighting factors (FOM) in %:
[Optimize v| |Defau v| SwR Gain F/B F/R  Rin in  Eft
Wariables Selected 1100 [0 : [I]I 0 0 1100 [0
I Surfw ] Km
| |
Theta |90 (90
Fhi g0 |270
Resolution |5 deq, [~ Fregsweep
d-Thet [g 0 Frequency
dPhi [p 0 1445 v]
Start | | Exit |

6: Click “Update NEC-file”
7. Calculate/Frequency Sweep

@ /Gain/SWR/Impedance (F5) = | Pt

Show View V/lsocurce Plot

‘ISI;IMR [50 ohm) cu-quad-3el-2m-fb-2_out = BR 7k
E " GHan/FB
2 " Impedance
? Fleset |
_1 s -

143 1435 144 1445 145 1455 146 1465 147 MHz ‘_l _l
Ee-‘l-_‘-:-er [dB] (50 okm] % Bold
1|[| v Markers
2 [ Logk
50 I~ Smooth
-39 I
4 ~ Gid
-hll

143 1435 144 1445 145 1455 1468 1465 147MHz




Useful links:

My simple design tutorial:
http://www.fareham.org/rw8-nec2-designing.shtml

My example .NEC files (100+ so far):
http://www.fareham.org/rw7-4nec2.shtml

4NEC2 download link:
https://www.qgsl.net/4nec2/

NEC2 file command document:

https://www.nec2.org/other/nec2prt3.pdf
NECS license link: (Lawrence Livermore National Laboratory)

https://ipo.linl.gov/technologies/software/nec-v50-numerical-electromagnetic-code


http://www.fareham.org/rw8-nec2-designing.shtml
http://www.fareham.org/rw7-4nec2.shtml
https://www.qsl.net/4nec2/
https://www.nec2.org/other/nec2prt3.pdf
https://ipo.llnl.gov/technologies/software/nec-v50-numerical-electromagnetic-code

Questions ?

(+ Live Demo if we have time!)



