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Disclaimer:

* This presentation is not:
* An EZNEC user training
* Manual for EZNEC (That has many pages and is very thorough)
* Theory of EM-fields or how NEC works

* An antenna theory course

* Comparison of different antenna software packages or simulation methods

* Thisis:
* Introduction in modeling antennas, in this case with EZNEC
* Demo of some EZNEC features
* At the same time answers to some questions on antennas
* Examples of constructed antennas and conclusions

* Suitable to every hamradio operator that wants to experiment with antennas

e Over all:
If you keep the restrictions of NEC in mind,

Then with EZNEC, you can learn a lot about antennas and their ‘behaviour’
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% EZNEC Pro/2+ v.7.0

File Edit Options Outputs Setups View Utilities Help

160 / 80m KIAY

>
File
Save Az > | Frequency
Ant Notes Wavelength
Currents > | Wires
Sro Dat > | Sources
Load Dat | Leacs
FF Tab > | Trans Lines
NF Tab > | Transformers
SWR > | L Networks
View Ant > |'Y Param Networks
> | Ground Type
> | Ground Descnp
> | Wie Loss
NEC-2D > | Units
FF Plot > | Plot Type
> | Step Size
> | Ref Level
> | Alt SWR Z0
> | Desc Options
> | Gnd Wave Dist

LAST.EZ

1,825 MHz

164,27 m

22 \Wires, 424 segments
1 Source

1 Load

0 Tranzmigsion Lines
0 Transtormers

0L Metworks

0% Param Metworks
Real/High Accuracy

1 Medium (0,0303, 20)
Copper

Meters

D

6 Deqg.
0 dei
500 ohms

OFF

At the same time: Checking some antenna statements™ or assumptions with the help of




* Statements that we can check with EZNEC

Insulated wire or bare ware, does it make a difference?

80m NVIS antennas have be just above ground level (how low is that?)

A vertical is always much better for DX than a dipole (low take-off angle)
Influence by surroundings; if it’s there, then how much?

Dipole antenna, center fed with coax and balun (common mode choke)

Simulation with and without a choke

. ?
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Introduction NEC: What is NEC

NEC = Numerical Electromagnetics Code

NEC-2 = Most used free application (core of EZNEC-7)

NEC-3 = not used very much
NEC-4 = used by professionals (licence fee in the order of S 800+)
NEC-5 - also a licence fee: $110

MiniNEC - different code, already free for everyone

for a very long time Software with NEC-2 e.g.:

* YO (Yagi Optimizer, from early days)

* 4NEC2 (free)

* EZNEC (fee: $100+)

* MMANA (free, uses MiniNEC)

Purpose: create proper user interface around NEC

NEC-differences: we’ll come back on that later



By Wires

Wire Create Edit Other

[~ Coord Entry Mode [~ Preserve Connections ¥ Show Wire Insulation [ Show Loss

EZ)NE
Mo. End1 End 2 Diameter | Segs Insulation
Xm |[Ym [Zm  |Com [X (m) Ym  |Zm  [Conn | (mm) DielC | Thk (mm) | Loss Tan
p[i B 532334 |9,85916 0 522535 | 9.85916 985916 |31 |1 0 0
422537 | 520535 | 9,85916 422537 | 522535 | 9,85916 985916 |31 |1 0 0
611268 |-486723 | 9.85916 611268 | 486723  9.85916 985916 |31 |1 0 0

* Input:
* Wires: Length, diameter and position (= coordinates)

Source: Where do we feed the antenna

Loads: Inductor, capacitance, resistor, and combinations

Ground Type: Ground, do we account for that or not

Ground Descrip: Properties of the ground (sand, seawater, etc.)

Wire Loss: Loss in the wires (copper, aluminium, etc.)

Trans Lines: Transmission lines
L-network and Transformer

Surroundings (towers, other antennas, raingutter, etc. 2 more Wires)




EZNEC Pro/2+

(EZINEC

2
wd

Freg
SWR 1,2 Z0 50 chms

* Output:
FF* Plot: Radiation pattern (2D/3D), Gain, F/B ratio
Src Data: Feed impedance at the source

SWR: SWR-curve

Average Gain (standard 0 dBi): From this we can draw conclusions on
loss in conductors, ground and loads

Currents: Current and phase in all conductors (each segment)

NF Tab: Fieldstrength near the antenna — so called Near Field

* FF = Far Field



EZNEC ‘interface’
around NEC

‘Control Center’

File Edit Options

f—
i

Ant Notes

Currents
Src Dat
Load D at
FF Tab
NF Tab
SWwWh
View ant

NEC-2D

FF Plot |

& EZNEC Pro/2+ v. 7.0

Outputs Setups View Utilities ( Help manual

> 160 / 80m K3&T"

File LAST EZ
> Frequency \ 1,825 MHz

‘wavelength 164,27 m

> | 'Wires 22 Wires, 424 segments

> | Sources 1 Source

> | Loads 1 Load

> | Trans Lines 0 Transmission Lines

» | Transformers 0 Transformers

> | L Networks 0L MNetworks

> Y Param Networks |07 Param Metworks

> | Ground Type RHeal/High Accuracy

> | Ground Descnp 1 Medium [0,0303, 20)

> | 'Wiwe Loss Copper

> | Units Meters

> | Plot Type 30

> | Step Size b Deq

> | Ref Level 0 dBi

> | Al SWR Z0 500 ohms

> | Desc Options

> | Gnd Wave Dist / OFF

N 7

Input



From the EZNEC-manual

SR W] Test Drive

= lLl] Some Special Cases - -~ |?] Test Drive Introduction
| _j] Acute Angles * Learn the Basics for b % Along The Straightaway
b Buried Wires . - = |?] Through The Curves
....[3) Closely Spaced Wires using EZNEC. 7 [ 0n Thge Race Course
... |?] Crossed Dipoles : -7 A Lap Around Track 5
: _9:] ElevatedDF'?padiaI Systems * YOU HAVE TO DO THIS L % Taking Car 6 For A Spin
. ﬂ End Fed Antennas : — @ Plus Octane Fill Up
- |2] Feedlines and Baluns
- |2] Folded Dipoles
- |2] Gamma Match
- ﬂ Linear Loaded Antennas
- |2] Log Periodic Antennas * Warnings for possible mistakes when

o - : : :
2] Mutiband Antennas simulating certain antennas

ﬂ Patch (Microstnp) Antennas
% — L°°§jncu T \ * Solutions to get the model behave as
a5 - Segment on INterseclons

9] Stacked Yagis much as possible like in the real world

3 %\Jm‘:g'nm:';"::;"d FAsied R * Which NEC-engine (2, 4.2 or 5) is best

. [2) Yagi Antermas suited for what purpose




Feature Availability vs Engine Choice
for EZMEC Pro/2+ and EZNEC Pro/4+

Calculating Engine

EZCalcD EZCalcAdD  External External Diffe re nt NEC Ve rSionS & featu reS

Feature
(MEC-2D)  (NEC-4D) MEC-4.2 MEC-5

Insulated wires v v v Source: EZNEC Manual

©,

Buried wires

Unconnected 1-seg wires
with insertion objects

e NEC-2 for insulated wire

Split sources

NIEGR RN

Two ground media

 NEC-5 for radials in the ground

Two ground media

with MININEC ground
Ground Wave calculation
with MININEC ground
Mear Field calculation
with MININEC ground
Real/High Accuracy
(GN2) ground

y MiniNEC comparison, see e.g.
e Erended accurey v v http://on5au.be/content/amod/a

<

NENUENENENENEN
<

NENENENENENRENEN

Notes: d 5 6 h |
1) Features not listed such as lossy transmission lines, L networks, and I I IO . tI I l

transformers are available with all engines.
2) The EZCalc4D engine is available only to existing EZNEC Pro/4 users.

3) External NEC-4.2 and/or NEC-5 engines must be purchased from LLNL.
ACELA



http://on5au.be/content/amod/amod56.html

The theory of NEC.........

* Very specific, not easy

il A
® 9
—
* Laws of Maxwell (EM-fields) are only the beginning... @

* Numerical solutions instead of ‘magic’ or ‘assumptions’

* Important for the radio amateur:

* Wires are split up in so called segments (no limit in EZNEC-7)

Each segment plays its part in the calculations for currents, EM-fields, loads,
ground, etc.

 EZNEC warns you if there are too many or too few segments in a wire



NEC: If you want to read something... (75 pages of formulas)

The portion’ of the i~ basis function on segment i is then
2
-c 2Kty +c

o 0 o o
fi(s) = A; + B, sin k(s - si) + C1 cos k(s - si) 13p3z 1 22

|s - si| <ag/2 .

If N # 0 and NT # 0, end conditions are

3 .o - -
= £.(s8) =a_ qQ,,
ds i | s=s, - 5‘1’2 1 1

2
3e 1109 | D
s =s + 61/2

If N =0 and N' # 0, end conditions are

[s]

3 .o
fi(s - 61/2) xi 3s fi(s)

i s=s, = 6i/2

3 .o
3s f1(8)
s =

From: Burke & Poggio (Lawrence Livermore Laboratory)
Numerical Electromagnetics Code

Method of Moments

Part |



EZNEC - Wisdom

Wrong Model = Fairy Tale

(Garbage In = Garbage Out)

Although EZNEC warns you for
some mistakes in the model.



Good to know @@

* EZNEC is not a design software package
You yourself are the designer and EZNEC simulates what you designed

* You yourself are the optimizer also, or use AutoEZ with EZNEC
(ANEC2 does have optimization tooling)

e ‘RTFM’
This is critical for success




Let’s do some work:
Simulations

* Dipole antenna
* Vertical GP
* Vertical with radials on the ground (not in the ground)

* Some variations:
* Wire diameter
* Insulated or bare wire
* # segments (‘mini-dipoles’) in a wire
* Height above the ground (NVIS?)



Demo Dipole Antenna

 Build a dipole for 30m (start with the file: Bydipole.ez)
* How about the SWR

* Tune the dipole to lowest SWR on the 30m frequency
e Save the radiation pattern

)



30m dipole antenne, h = 10m

[ 2D Plot: Lezing 30m start dipool

File Edit View Options Reset

O ped

Highhlight .
oot Total Field

" Azimuth Slice
& Elev Slice

0 360

v 1| I

Slice Azimuth

;I 180
42

=

~|o

Cursor Elev

=

EZNEC Pro/2+

3D Max Gain 5,99 dBi

Slice Max Gain 5,99 dBi @ Elev Angle = 42,0 deg.
Beamwidth 142,2 deg., -3dB @ 18,9, 161,1 deq.
Sidelobe Gain 5,99 dBi @ Elev Angle = 138,0 deg.
Front/Sidelobe 0,0 dB

10,125 MHz
Elevation Piot Cursor Elev 42,0 deqg.
Azimuth Angle 0,0 deg. Gain 5,99 dBi
Outer Ring 5,99 dBi 0,0 dBmax
0,0 dBmax30




Demo Verticals

* Build a GP for 30m with 4 radials (Start with : vertl.ez) ’1
* Tune it to right frequency | , :
* Save the radiation pattern T ~v<

* Build a 30m vertical with 20 radials on the ground
* Tune it to right frequency
e Save the radiation pattern

 Compare the radiation pattern of the ‘normal’ vertical to the GP-version
 Compare the two verticals to the 30m dipole, we just made



Vertical with 4 horizontal (elevated) radials

[3 2D Plot: lezing 30m start vertical - O X

File Edit View Options Reset

Highight Total Field EZNEC Pro/2+

C Off
" Azimuth Slice
& Elev Slice

Al |
0
Slice Azimuth

:I 180

21

=
EE

Cursor Elev

10,12 MHz
Elevation Plot Cursor Elev 21,0 deg.
Azimuth Angle 0,0 deg. Gain 0,17 dBi
Outer Ring 0,17 dBi 0,0 dBmax
0,0 dBmax3D

3D Max Gain 0,17 dBi

Slice Max Gain 0,17 dBi @ Elev Angle = 21,0 deg.
Beamwidth 34 3 deg.; -3dB @ 8,1, 42 4 deg.
Sidelobe Gain 0,17 dBi @ Elev Angle = 159,0 deg.
Front/Sidelobe 0,0 dB




30m vertical with radials on the ground

AN

Highlight

" Off

" Azimuth Slice
% Elev Slice

0 360
A 2]
0
Slice Azimuth

;l 180
27

=1

|0

Cursar Eley

B3 2D Plot: lezing 30m start vertical

File Edit View Options Reset

O X

Total Field

EZNEC Pro/2+

10,12 MHz
Elevation Plot Cursor Elev 27,0 deg.
Azimuth Angle 0,0 deg. Gain -0,12 dBi
Quter Ring -0,12 dBi 0,0 dBmax

0,0 dBmax3D

3D Max Gain -0,12 dBi
Slice Max Gain -0,12 dBi @ Elev Angle = 27,0 deg.
Beamwidth 43,6 deg.; -3dB @ 9,2, 52,8 deg.
Sidelobe Gain  -0,12 dBi @ Elev Angle = 153,0 deg.

Front/Sidelobe

0,04dB




Dipole antenna (‘primary’) compared to the two verticals

Total Field EZNEC Pro/2+
* Primary

30m vertical ground radials

A0m /ertical elevated raadlals

10,125 MHz




The FF 3D plot and the Average Gain

Check the model with a 3D plot. EZNEC then reports the ‘Average
Gain’.

That ‘Average Gain’, simulated with the antenna in free space or with
perfect ground, and zero wire loss, has to be very near unity =1.

If not, then the model is not entirely correct. This can happen e.g. if
the segmentation of the wires is not correct or the source is not
placed correctly.

If the requirement Average Gain = 1 is met, loss in the antenna
system can be predicted as demonstrated in the Dipole vs Verticals
example.

A tip:

Try simulating a T2FD antenne in free space, zero wire loss, and zero
load resistance and check the Average Gain. Then do the same with a
load resistor of 800 ohm or so.

The average gain will give a nice indication of the loss in the loading
resistor. Ofcourse this can be done with real ground also.

Also nice to use is the Currents-table where you can look up the
current in the segments next to the resistor. i2R will then give an
indication of the loss also.

File Edit
Open

Save As

Ant Notes

Currents
Sic Dat
Load Dat
FF Tab
NF Tab
SWH

e

NEC-2D

FF Plot

~

%% EZNEC Pro/2+ v. 7.0

Options  Outputs Setups View LUtilities Help

> 30m inv¥+ TL + CMC
File 30m invY met coax en CMC.EZ

> | Frequency 10,125 MHz
Wavelenagth 296091 m

> | 'Wies 4 ‘Whres, 46 segments

*> | Sources 1 Source

» | Loads 1 Load

» | Trans Lines 0 Tranzmission Lines

» | Transformers 0 Transformers

» | L Networks 0L Metworks

» |Y Param Networks 0% Param Networks

> | Ground Type Feal/High Accuracy

> | Ground Descnip 1 Medium (0,005, 13)

> | 'Wie Loss Copper

» | Umits Meters

> | Plot Type 3D

> | Step Size 5 Deg

> | Ref Level 0 dBi

> | Alt SWR Z0 75 ohms

> | D g
Gnd Wave Dist  OFF T~

verage Gan = 0363 =-440dE

\




After the break: Typical situations to play with:

e Split source and normal source (when to use)

* What’s the effect of the number of segments in a wire m
» Radiating feedline (coax with and without choke/balun)
 What happens to the SWR \w'

* What happens to the radiation pattern
* Insulated antenna wire

 What is a good height above ground for an 80m NVIS antenna

Real world example:
e 160m vertical influencing a receiving antenna on 160m (e.g. a K9AY-loop)



A short break...

Ol



Typical situations to play with:

 Split source and normal source (when to use)

* What’s the effect of the number of segments in a wire m
» Radiating feedline (coax with and without choke/balun)
 What happens to the SWR \w’

* What happens to the radiation pattern
* Insulated antenna wire

 What is a good height above ground for an 80m NVIS antenna

Real world example:

e 160m vertical influencing a receiving antenna on 160m (e.g. a K9AY-loop)



O = source
Split source, normal source

* A feedpoint (source) wherever you want it to be

 In an inverted Vee (2 wires at an angle) you can:
 Split the source (‘split source’ or Sl for a split current source)
 Add an extra wire where the current source is situated in the middle

=
/

I

L_ ——
—-—
S 1
/'/ N
= 3 Sources - O
Source Edit Other
Sources Sources
No. Specified Pos. Actual Paos. Amplitude Phase | Type Mo. Specified Pos. Actual Pos, Amplitude Phase
wire # | % FromE1 | % FromE1 | Seg | (v, 4) (deg) Wie # | % FromE1 | % FromE1] Seg | V. A) (dea )
AR 50 50 2 1 0 | SER 0 ] - ] 0
= .
I 7

o



Typical situations to play with:

e Split source and normal source (when to use)

* What’s the effect of the number of segments in a wire m
» Radiating feedline (coax with and without choke/balun)
 What happens to the SWR \w"

* What happens to the radiation pattern
* Insulated antenna wire

 What is a good height above ground for an 80m NVIS antenna

Real world example:

e 160m vertical influencing a receiving antenna on 160m (e.g. a K9AY-loop)



Riadials (4) of a 30m GP en #segments

EZMEC Pro/2+
INF L} 1 1 1 1
10 F------ oo EEEREE R Ammmm A mm -
3 R oo Ceeeen - e e
swR | b b
S ICTts SR SRS S S
e i S T TS
. SR SO SN N RO
11 f-o : : LT S— R—
1 L 1 1 1
59 Freq MHz 10,2
Freg 10 MHz Source® 1
SWR 1,078 Z0 50 chms
Z 53,80 at -0,2 deqg.

=53,89-]0,1923 ohms
Refl Coeff 0,03731 at-2,72 deg.
= 0,03747 - j0,001782

Retloss 285dB

Segments:
vertical 31
Radials 4 x 10

IMF

EZMEC Prof2+

10 fommme-

SWHR

I e e e e
g ---l - Lo Lo Lo

3]

T

'

'

'

1

'

'
[~f---=t-===fF==-==p==-=-p==s=q======

R Y U U U [

59 Freq MH=z

Freg 10 MHz
SWR 1,029 Z0
Z 51,22 at -0,35 deg.
=51,21 - 0,7555 chms
Refl Coeff 001413 at-31,63 deg.
=0,01202 - j 0,007417

Retlozs 37,0dB

Segments:
Vertical 31
Radials 4 x 31

Source® 1

50 chms

30m GP, f=10.12M R X
31+ 4x 10 55,4 +j11,4
31+ 4x 31 52,6 +j10,4
31+ 4 x tapered 51 +j9,6
EZNEC Pro/2+
INF 1 L} 1 1 1
10 f------ e e - e 4m - 4m -]
s |4 bbb
R kb
g R R SR S SR
S ISR AU AU SUUNUS NUUS B
11 - o i feeeeen
1 1 1 1 1
9.9 Freq MHz 102
Freg 10 MHz Source# 1
SWR 1,026 Z0 50 ohms
z 49,65 at -1,4 deg.
= 49,64 -] 1,211 ohms
Refl Coeff 0,01269 at-106,07 deg.
= -0,003513 -} 0,0122
Ret Loss 37, 9dB
Segments:

Vertical 31
Radials 4 x 10 ‘tapered’




Typical situations to play with:

e Split source and normal source (when to use)

* What’s the effect of the number of segments in a wire m
* Radiating feedline (coax with and without choke/balun)
 What happens to the SWR \w'

 What happens to the radiation pattern
* Insulated antenna wire

 What is a good height above ground for an 80m NVIS antenna

Real world example:

e 160m vertical influencing a receiving antenna on 160m (e.g. a K9AY-loop)



Dipole antenna coax fed (extra)

Inv Vee

Common
mode choke

Outside of coax
screen

 Coax currents:
e Current on center conductor

e Screen (inside) current split

* Antenna wire

e Qutside coax screen without a CMC

e Simulation:

* Extra wire (wire 4) connected to one of the dipole wires
(in this case wire 2). This extra wire simulates the outside
of the coax shield. Try varying the impedance of the
choke, say 1+j1 to 100 +j1000 or so

e Calculate the FF plot (in 3D)
e Calculate the Src Dat and SWR curve



30m Inv Vee with balun / common mode shoke

CMC Z=20+j1000
so R =20 ohm and X, = 1000 ohm
Settings: via Loads-window of EZNEC

The usual graphs of an Inverted Vee dipole

File Edit

20
& 50 chms

Al (75
© ohms)

1 =l
=

Source #

View Options

B3 SWR Plot: 30m invV+ TL + CMC

- O X

File Edit View Options Reset

Highlight

© ot

@ bazimuth Slics

© Elev Siice

0 360

K| i
0

Cursor Azimuth
ﬂ 30
=
~lo

Slice Elev

35

Total Field

0dB

EZNEC Pro/2+

3D Max Gain 6,07 dBi

Front/Side 7,58dB
Beamwidth

Front/Sideiobe 0,0 dB

Slice Max Gain 6,07 dBi @ Az Angle = 0,0 deg

95,0 deg. -30B @ 312.5, 47,5 deg.
Sidelobe Gain 6,07 dBi @ Az Angle = 180,0 deg.

10,125 MHz
‘Azimuth Plot CursorAz 0,0 deg
Elevation Angle 35,0 deg. Gain 6,07 dBi
Quter Ring 6,07 dBi 0,0 dBmax
0,0 dBmax3D

INF

e I —

[ Y B

15 f=r

11 penn-

T T
' [l
' "
' I
' "
' '
' "
s L
] "
' I
' "
' "
' "
' '
e Bt r
' I
' "
' "
' "
' I
' [
N — s
' "
' '
' "
' I
' "
' '
- -
' "
' "
' I
' "
4 [
T
' [
' 1
' I
' "
' i
e — s
' "

e B e T

e

[ R —

: ' ,
demm e Lesmmmmn demmmmmm=
I Fp======= ass=s=====
: ' H
i 1 :
R (I S
[ b e
; : 1
# ........ D eemee- Ao
T H
: ' H
e ke ecem-e I
Freq MHz

Freq

SWR

4

Refl Coeff

Ret Loss

10,125 MHz
14
69,95 at -1,1 deg.

=69,94 - 1,339 ohms

0,1666 at -3,2 deg.

= 0,1663 - j 0,009304

15,6 dB

EZNEC Pro/2+
....... demmaann
_______ .

:___#
....... A
10,3

Source # 1
Z0 50 ohms.

File Edit View O

Highlight

o of

€ Azimuth Slice

= e Sicg

0 360

[y I3
[1}

Slice Azimuth

4| 180
kS

—

~|o

Cursor Elev

ptions  Reset

Total Field

EZNEC Pro/2+

10,125 MHz

Elevation Plot
Azimuth Angle 0,0 deg.
OuterRing 6,07 dBi
30 MaxGain 6,07 dBi
Beamwidth

Front/Sidelobe 0,0 4B

Shice Max Gain 6,07 dBi @ Elev Angle = 35,0 deg
45,4 deg.; -3dB @ 16,0, 61,4 deg
Sidelobe Gain 6,07 dBi @ Elev Angle = 145,0 deg.

Cursor Elev 35,0 deg
Gain 6,07 dBi
0,0 dBmax
0,0 dBmax3D




30m Inv Vee without CMC

CMC Z=1+j1
R=1o0ohmandX =1ohm

The radiation pattern and SWR curve changed

The current on the outside
screen of the coax is clearly
visible (wire 4).

The coax feedline is a
radiating part of the
antenna now.

File Edit View Options Reset

Highlight
@ of

" Azimuth Slice
" Elev Slice

0 30
a! 60 &l
Slice Azimuth

«] 180

o

Cursor Elev

[~ Show 2D Plot

/

EZNEC Pro/2+

—<
>
10,125 MHz
B SWR Plot: 30m invV+ TL +¢MC — O X
File Edit View Options
20 INF .\ ; _ . E.?NEC Pro/2+
* 50 ohms : : ' ;
~ A5 i i E i
ohms) 15‘.__ ..... J —— o e et ettt ettt i = = = = = = [ p——— deeeoeees N
e | e S L
Source # SWR i
e . E. ...................................................................
2 ........‘................_........:. ...................................................................
15 p==-=n=-- R — P E. ....... [ - [T [ R L —
K T T I N e~
1
10 Freg MHz 10,3
Freg 10 MHz Source # 1
SWR a,m Z0 50 ohms
z 88,46 at -74 66 deg.
=23,4-]8531 ohms
Refl Coeff 0,794 at-58,03 deg.
=0,4204-j06735
RetLoss 2,0dB




Typical situations to play with:

e Split source and normal source (when to use)

* What’s the effect of the number of segments in a wire m
» Radiating feedline (coax with and without choke/balun)
 What happens to the SWR \w’

* What happens to the radiation pattern
* Insulated antenna wire

 What is a good height above ground for an 80m NVIS antenna

Real world example:

e 160m vertical influencing a receiving antenna on 160m (e.g. a K9AY-loop)



80m dipole, 12m above normal ground

Copper wire — 2,5 mm?
Left: bare copper wire Right: PVC insulation - 0,75mm

EZMEC Pro/2+ EZNEC Pro/2+
INF 1 1 1 1 1 1 1 1 1 1 1 |NF 1 1 1 1 1 1
1':' l r 1 © T T l r hl r j‘ 1|:| 1 r 1 r T T 1 r l r
)
SWR
3
e
T
.- 2
-_ 1,5
. T 11
3,5 Freq MHz 3.8 35 Freq MHz 3,8
Freqg 3,65 MHz Source# 1 Freg 3,523 MHz Source#®# 1
SWR 1,2 Z0 50 chms With insulation: SWR 1,15 Z0 50 ohms
z 59,62 at 3,37 deqg. z 55,54 at -5,1 deqg.
= 5952 + 3,51 ohms e 100kHz lower = 5532 - 4,941 ohms
Refl Coeff 0,0926 at 18 4 deg. o Refl Coeff 006889 at -40,18 deq.
= 0,08785 +j 0,02923 - =e 3,5 % = (,05263 - j 0,04444

Ret Loss 20,7 dB RetLoss 232dB



Data 80m dipoole

(3 Wires — [l
Wire Create Edit Other
[~ Coord Entry Mode | Preserve Ennne:thm@:w Wire Insulation [ Show Loss

Wires
No, End 1 End 2 Diameter | Segs| ~—  Insufstion
A [m) Y [m) 2 [m] Conn * [m] Y [m] Z [m) Conn (Prirn) /DielC | Thk [mm) NLoss Tan
b 0 -19,7541 12 0 19.7541 12 1.8 51 t:] .75
¥
\v

Length dipole: 39,5m

Height: 12m

Ground: Average ground

Copper wire with PVC insulation: €, = 3

(Copper wire losses are switched on in the main menu)




Typical situations to play with:

e Split source and normal source (when to use)

* What’s the effect of the number of segments in a wire m
» Radiating feedline (coax with and without choke/balun)
 What happens to the SWR \w"

* What happens to the radiation pattern
* Insulated antenna wire

 What is a good height above ground for an 80m NVIS antenna

Real world example:

e 160m vertical influencing a receiving antenna on 160m (e.g. a K9AY-loop)



The same 80m dipole at different heights
How high for a good NVIS?

Total Field EZNEC Pro/2+

*80m 2m hoog
80m dipool h=6m

80m dipool h=20m

9

3,65 MHz

Remark: 80m NVIS antenna at height m
An extra reflector at 1m delivers about 2 dB extra gain straight up




Typical situations to play with:

e Split source and normal source (when to use)

* What’s the effect of the number of segments in a wire m
» Radiating feedline (coax with and without choke/balun)
 What happens to the SWR \w"

* What happens to the radiation pattern
* Insulated antenna wire

 What is a good height above ground for an 80m NVIS antenna

Real world example:

e 160m vertical influencing a receiving antenna on 160m (e.g. a K9AY-loop)



Shack 1

TN2MS DXpedition
Republic of the Congo

* RX: K9AY loop %
e TX: 160m vertical ;7o




The (receive)antenna (K9AY) and surroundings

 Comparing the receiving pattern of a K9AY loop for 160m:
* Without any obstacles (as a starting point)
* With a 160m vertical in the receive direction e.g.

* At 60m distance <:|

e At 120m distance
At 60m distance, at ‘the back’ of the K9AY

e What can we do about this?




3 2D Plot: 160 / 80m K9AY - O x
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B3 2D Plot: 160 / 80m K9AY + vertical
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160m K9AY loop + % golf vertical,
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P
Simulations KSAY and verti% 6om éfgiv%loop

vertical
Concluding:

* The vertical (a quarter wave radiator) has a lot (!) of influence if in the
direction of receive (distance 60m)

e Same for 120m distance
 Very little influence if the vertical is at ‘the back’ of the K9AY-loop

* Very little influence if the vertical is detuned during K9AY reception



Most important

Read the manual



Feed Impedance

* You want:

* To know the feed impedance of the antenna

* Areliable SWR simulation

* Pay attention to:

e Source in the middle of an inverted-Vee antenna
(easy simulation)

e Source impedance in an End-Fed wire (random
LW or a HWEF) is a tricky simulation. See
manual.

* Radials under a vertical

Radiation diagram

* You want:

* A realistic radiation pattern

* Expected performance to become reality

* Pay attention to:

Surroundings like metal objects, other antennas
Groundtype
Radiating coax (!?!)

One dBis one dB?
dBi, dBd, dB compared to another antenna

Remark: Check the model with a 3D plot. EZNEC reports ‘Average Gain’.
‘Average Gain’, antenna simulated in free space/ perfect grond, zero loss, should be =1 or 0 dBi .
If not, the model is not entirely correct. Problem might be in the segment lengths of wires, wire diameters or

location of the source. See also in the manual.



Some rules of thumb for EZNEC calculations ‘

(see the EZNEC-manual and the ‘Nice Reads’ page)

—1
* Segment length: * Wire diameter:

* 0,001 - 0,05 wavelength so e.g. * Diameter max 1/30 wavelength
Half wave dipole antenna: min 10 — max 500 « Tapering (stepped diameter) makes NEC2 less
segments (31 segments works ok) accurate. EZNEC has a correcting algorithm

* Segment at least 8x longer than wire diameter « Radials ON the ground in EZNEC (=NEC2), so not

e Segments may not overlap or cross in the same IN the ground, minimum 2x the wirediameter
plane above groundlevel (EZNEC)

* Where wires connect, use about the same * Where wires are connected, use the same wire

segment length in those wires diameter for them if possible



Antenna geometry check: reports from EZNEC

e Source 1: Segment connects to multiple wires
* The source is in the last segment of a wire where more wires connect.

* Solution: Move the source one segment away.
Remark: segment length must be short otherwise you will move the source to much (physically).

* Same can happen when connecting transmission lines

* This fault is usually not critical

The description does not contain any sources. It must include at least one

* This is clear. Solution: add a source

Wire x segment too short. L= ... etc

* Too many segments in a wire (segment length compared to wavelength)

* Solution: reduce number of segments

Wire x segment too long. L= ... etc
* Too few segments in the wire (segment length compared to wavelength)

* Solution: increase number of segments

Wire x and y intersect at other than a segment junction or end
* Wires x en y cross, touching each other
* Wires may not touch unless wire-end connections

e Solution: move a wire



EZNEC

e Justdoit

e Learn from the results

* You will know if someone tells you a tale about an antenna or an untrue myth
(you can check it or might have simulated that one before)

* Design and build a dipole antenna or a GP and see the difference or likeness
between EZNEC simulation and practice.



Nice reads:
~r

* https://eznec.com/

* http://on5au.be/content/amod/amod56.html

* https://en.wikipedia.org/wiki/Numerical Electromagnetics Code

e https://www.arrl.org/files/file/Technology/tis/info/pdf/9102018.pdf
e http://www.w8io.com/mininec.htm

* Emoji’s: https://emojiterra.com/ (OpenMoji)



http://on5au.be/content/amod/amod56.html
http://on5au.be/content/amod/amod56.html
https://en.wikipedia.org/wiki/Numerical_Electromagnetics_Code
https://www.arrl.org/files/file/Technology/tis/info/pdf/9102018.pdf
http://www.w8io.com/mininec.htm
https://emojiterra.com/

More info on pa3a.nl, EZNEC page

Contains examples of simple and not so simple antennas (e.g.
a 4-square) that really have been constructed and used

https://pa3a.nl/antenna-desigh-with-eznec/



https://pa3a.nl/antenna-design-with-eznec/

