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This is a presentation I gave at Norfolk Amateur Radio Club on
antenna modelling with MMANA-GAL, what is and what you can use

it for. After looking at how you model antennas I look at some
typical applications.
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Firstly — why MMANA-Gal?
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The name MMANA-GAL is an amalgam of the main people
responsible for it as you can see.
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What is it?

A free antenna modelling program based on the NEC
(Numerical Electromagnetic Code) engine.

Jerry Burke and A. Poggio wrote the NEC/MOM
family of programs at Lawrence Livermore Labs in
1981, under contract to the US Navy.

If you want more power see MMANA-GAL Pro ($99),
EZNEC ($89) or EZNEC Pro 5 ($500)
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It is free, it does have limitations in terms of the number of
segments it can handle, but you are unlikely to exceed these. It
can't handle coax stubs etc as far as I can see.
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What does it feature?

* Create multi element antenna designs and test for performance and
matching

* Viewer for horizontal and vertical beam radiation patterns
* 3D radiation pattern

* Automatic antenna optimiser with respect to jX, SWR, Gain, F/B,
Elevation, and Current

* Frequency characteristics chart maker

* Data file generator
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What do | need to know?

*The antenna design is made up of straight WIRES

* We can include LOADS (made up of L and C eg
traps/loading coils)

* To this we then apply a SOURCE of a specific
impedance at a point on one of the wires.

.‘ & Steve Nichols GOKYA

The terms wires, loads and source refer to the input functions in
the program.
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Here I have made a dipole. It is 10.34m (2 x 5.17m) long with
wire of radius 1mm. We are feeding it in the middle (wlc - wire 1,
centre). There are no loading coils or traps. Just leave the auto
segmentation as it is
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This is the current distribution on the dipole. The little red blob in
the middle is the feedpoint. We can see the current maximum
(which does the radiating) is in the centre.
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Dipole 20 m
Freq 14,350 v MHz %@\ﬁ ;E'Egériz go 891 (m)
Stound THE LOWEST POINT OF ANTENNA = 20.000 M
’ FILL MATRIX
O Free space FACTOR MATRIX
O Perfect PULSE UMV) I (mA) Z (Ohm) SWR
wic 1.00+40.00 11.792.96 798242003 175
SiRsd sl
Ground setup FAR FIELD
NO FATAL ERROR(S)
Add height 20.00 vm 009 sec
Material No loss v
No F (MHz) R (Ohm) X(©Ohm) | SWRSD GhdBd | GadBi FBo8 | Eev | Grownd | AdH [ Polar |
5 4.35 79.82 2003 175 737 146 Real 200 hori
4 140 76.45 1492 163 72 149 Real 200 hori
3 14.05 76.95 -9.966 158 72 149 Real 200 hori
2 14.05 76.95 -9.966 158 7.22 149 Real 200 hori
1 1405 7151 1877 1.43 002 213 Free hori
[ Start ] [ Optimization l I Plots ] I Wire edit l I Element edit |

=
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Here we placed it 20m above ground and ran it at a number of
frequencies in the 20m band. You can see the modelled SWR
varies 1.43:1 to 1.75:1 Maximum gain is at 14.6 degrees to the
horizon. Note: I forget to specify copper wire - it is assuming no
losses in the wire.
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SWRon Z: 500
U Free space
O Perfect
© Real C 30
Add height 20.00 i
SWR >
Material No los} 25 ///
- > - - =
No F (MHz) ; i Add H Polar. &
5 435 794 A 200
4 140 76 .4 20 200 hori
~
3 1405 769 g 200 hon
r—x/
2 14.05 76.9 i // 200 hori
7 1405 769 15 . 200 hori
7i 140 764 13.95 14.15 14.35 14.55 14.75 200 hori
- o m- - -~ ——— . - ~ “om - . ~ - . B
[ Start | [ Optimization ] Plots | [ Wire edit | [ Element edit ]
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You can get a simulated SWR curve - your measured result may
be better at the end of a length of coax due to losses. Note
impedance is 50 Ohms.
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F/B: 0.00 dB; Rear: Azim. 120 deg, Elev. 60 deg
Freq: 14.350 MHz

Z: 79.824 +j20.030 Ohm

SWR: 1.8 (50.0 Ohm),

Elev: 14.6 deg (Real GND :20.00 m height)

Field(s)
| Elevation J | 3D FE ] ov OH 9 Total OV+H
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. Steve Nichols GOKYA

These are the predicted radiation patterns - left hand is looking
down on the antenna. Make sure you set the elevation angle you
wish to view - this is at the 14.6 degrees maximum. You can
select vertical or horizontal polarisation or total radiation.
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You can also get a 3D view
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Geometry View Calculate Far field plots

G5RV 80m, 40m, 20m,10m - 4500hm (20mm spacing)

WAVE LENGTH = 10.519 (m)

Freq 28.500  MHz TOTAL PULSE =617
THE LOWEST POINT OF ANTENNA =3.100 M
Ground FILL MATRIX...
Fres space FACTOR MATRIX...
PULSE U\ I (mA) Z (Ohm) SWR
Perfect w5 1.00+j0.00 0.38-j0.35 1406.80+41301.19 52.22
CURRENT DATA...
—_— FAR FIELD ...
© Real Ground setup NO FATAL ERROR(S)
6.28 sec
Add height 3.00 “m
Material Cu wire v
No. F (MHz) R (Ohm) iX (Ohm) SWR 50 Ghded | GadBi F/B dB Elev. | Ground | AddH. | Polar. |
8 1406 1301 52.2 - 9.57 -2.68 109 Real 3.0 hori.
76 24.94 93.79 -4.017 188 - 9.86 -3.56 124 Real 3.0 hori.
6 21.2 326 46.65 3.21 - 8.81 -18.95 144 Real 3.0 hori.
5 18.12 7142 -353.6 371 - 8.39 -31.44 16.6 Real 3.0 hori.
4 14.15 102.2 -93.75 4.0 - 7.39 -1.78 214 Real 3.0 hori.
3 10.12 36.76 2437 344 - 7.81 - 295 Real 3.0 hori.
2 7.05 48.25 -117.8 7.62 - 5.07 - 424 Real 3.0 hori.
|1 365 13.15 -32.37 548 - 6.14 -0.78 90.0 Real 3.0 hori.
Start | | Optimization | Plots Wire edit Element edit

Ystan, COM"
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As an example, this is a run on a simulated G5RV antenna. As you
can see the predicted SWR figures are not very low on most bands.
So is it a true multiband antenna?
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GUPAZE D22A OB RBE

W3DZZm
WAVE LENGTH = 10.162 (m)
Freq|29.500 MMHz TOTAL PULSE = 153
Grotnd THE LOWEST POINT OF ANTENNA = 10.000 M
- FILL MATRIX
O Free space FACTOR MATRIX
O PULSE U (V) I (ma) 7 (Ohm) SWR
2 wic  1.00+0.00 1.81+3.08 1419624118 11.30
SRl o
Ground setup FAR FIELD
NO FATAL ERROR(S)
Add height 10.00 vm 087 sec
Material Al wire v
No F (MHz) R (Ohm) X (Ohr) SWR 50 Gh dBd Ga dBi FBdB | Eev | Gound | AddH. [ Polar | 4
17 25 1420 2412 113 886 404 142 Real 10.0 hori
16 85 1916 £505 357 995 331 147 Real 10.0 hoi
15 212 1235 £.361 248 892 487 197 Real 10.0 hori
14 14.15 2792 5489 581 666 I - Real 10.0 hori
13 7.0 91.18 3278 214 583 680 Real 10.0 hori
12 355 2685 1.967 187 784 128 %00 Real 100 hori
3
[(stat_] ( Optimization ] ( Plots ] ( Wire edit il Element edit ]

Tistart | = openof.. | O maana.. | Ovodsfon.. |Bm2Win.. | € Moso...
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The W3DZZ (80/40m trap dipole) looks like it matches OK on 80m
and 40m, but may not be a good match on every band.
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Rotate around : O Selected wire () Middle point of antenna OX=0, Y=0, Z=H
Zoom currents [ Currents Zoom
[]Segments 3 Selected wire 1 > [OPen width x 2
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You can model mag loops using straight sections - this model
comes with the package.
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eomery | vew | Cocuine | (N
MagLoop 20m, 50 Ohm feed Resonance BW 400 v| KHz
Freq 14.150 z SWR | Gain/FB  Farfields Setup
Ground 300 T
O Free space ‘ ( SWR on Z: 50.0
O Perfect
@ Real C 275
Add height 10.00 SWR /
Material Al pip 155 |

No F (MHz) [ \ I AddH. | Polar | 2
20 14.15 0.04 100
19 14.05 0.69 825 ‘ 100 vert
18 285 3.3 = 10,0 vert
17 295 142 10.0 vert
16 285 191 1.0 10.0 vert
19 14.05 0.6 13.95 14.05 14.15 1425 1435 100 vort
.. —~— -~ —~— —~ -~ -~ e e - . - . ¥

[ Start ] [ Optumlzahon l [ Plots ] [ Wire edit l | Element edit |
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Note the sharp SWR and narrow bandwidth of a mag loop at its
resonant frequency.
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> Field(s)
" \" H > Total V+H
| Load *.mab file | Clear | Colour || Return
No. |[F(MHz [R [ix [sWwrR  [ch |Ga [Fre [eev. |GND [Height  [Pol. [File |name
1 14.01 55297  -10.922 1.6 105 -1821 90.0  Real 7.0 Vv this
2 14.01 60.503 17.319 1.44 463  -905 900  Real 3.0 C:\Program Fil
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You can see how the radiation pattern may change as a vertical
mag loop is raised. It might be better all round at 3m and not 7m

according to the model.
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[91+90 dg -

Azimuth angle = 47 dg 6
Ga=98dBi
Gmax - Ga=00dB

Ga: 9.8 dBi=0dB (Horizontal polarization) %
F/B: -3.01 dB; Rear. Azim. 120 deg, Elev. 60 deg

Freq: 28.500 MHz

Z: 59.345 +j228.274 Ohm

SWR: 19.5 (50.0 Ohm),

Elev. 12.2 deg (Real GND :3.00 m height)

( Elevation ] [ 30 FF ] Field(s)

Ov OH OTotal OvsH
(2. @ o [T <% 5 ax
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Note the nice petal-shaped predicted radiation pattern for a flat-
top-mounted W5GI Mystery Antenna
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( Load *.mab file ] (_clear ] [_coour J[_Rewm ]
No. Gh | Ga | FiB [ Elev. I GND I Helght I Pol I File I name I
1 w2 -4.49 124 Real 30 H this

98 3.01 12 Real 3.0 H CAMMANA-GAL _|
<l
Fleld &
( Elevation ] 3D FF ) ©) IH S Total OV+H Print

"= openct...

7€) mmana...

["O vodafon...

[om 2 wn...
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But mount it as an inverted V and it all goes pear-shaped. It
becomes more omnidirectional, but you lose those lobes. The same
thing happens with the G5RV and most “long” antennas on the
higher bands.
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The Microvert is a tiny antenna fed with a quarter wave of coax to
which you only connect the inner.. You have a choke at the other
end of the coax.
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Geometry | View  Calculate Far field plots

Rotate around : O Selected wire © Middle point of antenna OX=0, Y=0,Z=H | Save image

Zoom currents V] Currents Zoom

3 C]Segments v, Selected wire 1 [JPen width x 2

Tistart [ = openof. | ) meaNAL. | O vodsfon. |BE2Wn.. | @ Meaosf.. @ tnanag.. _ ()$ 5 20
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You can see the prediction is that the coax does most of the
radiation - that's where the maximum current is. To be fair, the
antenna is designed to include the feeder as part of the overall
antenna system..

It works (I have one for 40m). It isn't as good as a dipole, but if
you live in a flat it gets you on the air.
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Geometry | View | Calculate Far field plots

Rotate around : O Selected wire @ Middle point of antenna OX=0, Y=0, Z=H Save nmaée

Zoom currents [¥] Currents Zoom

: C]Segments 3 Selected wire 1 [JPen width x 2
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I had an 85ft end fed over my house (W3EDP. It worked
reasonably well but had some nulls. Let's see where ...
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Geometry  View  Calculate Far field plots

[¥]+90 dg 6 3 6

v Ga: 463 dBi=0dB (Vertical polarization) *
F/B: -6.63 dB, Rear. Azim. 120 deg, Elev. 60 deg
Freq: 14.150 MHz
Z: 88.681 - j112.222 Ohm
SWR: 5.0 (50.0 Ohm),
Elev: 53.4 deg (Real GND :1.00 m height)
(For elev. angle 10.0 dg Peak:-0.8 dBi)
erld(s)
( Elevation ] l 3D FF ) |ov OH ®Total OV

L G 1 e
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Now we can see that the model suggested it had a big null to the
north and worked better south east and south west on 20m. That

is what I found.
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Geometry  View  Calculate Far field plots
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Ga:0.09 dBi=04dB (Vertical polarization)

F/B: 0.00 dB; Rear: Azim. 120 deg, Elev. 60 deg
Freq: 14.150 MHz

Z: 2191.957 - 164.176 Ohm

SWR: 44.1 (50.0 Ohm),

Elev: 19.7 deg (Real GND :0.10 m height)

Field(s)
( Elevation J 3DFF ) |ov OH S Total OV+H
"Tistart [ = openot.. [ mava.. [ Ovodsfon.. [@m2Win. -| @Maosot. @tmence.. v EEIIEEED (/8 T 2147
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My End Fed Half Wave (EFHW) design is omni-directional and a
good low-angle radiator. I just had to find a way to match the
2000-2500 Ohm impedance - see the downloadable instructions at
gOkya.blogspot.com.
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SWR Figures

_Inverted V

Flat Top

N

62222282 ’4’4 4625.2 “ﬂE"Ed” 216282268294 0
1922523123724324925526.126727.327.9285291297

36424854 6 66727884 9 95102108114 12 126132138144 15 156162168174 18 1861921982 UJ
3339 455157 63 69 7 581 87 93 99 10511.111.712312913514.114715315916517.117.718318 919520120

Frequency (MHz)
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This is a model of the classic 80m Windom (off centre fed dipole)
antenna - 136ft (11.82m one leg, 29.63m the other - fed with a
4:1 balun). You can see the low SWR points when mounted flat
top.

They change if the antenna is mounted as an inverted V. Not many
manufacturers or books tell you this, but it seems to be the case in
practice.

To produce these graphs I used MMANA-Gal's ability to output a
.csv file of values across a whole range of frequencies (3-30MHz). I
then imported these into OpenOffice Calc to graph them.
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The jOrﬁ W‘

80m Windom (OCF) as flat top and Inverted V

X

SWR Figures

_Inverted V

Flat Top

SVWR

36424654 6 66727664 9 965102108114 12 126132138144 15 15616216.817.4 18 186192196204
3339 45515763 E,q 58187 939910511.111.712 JI ql}:;ldl 4715315916517.117.718318919520.1207

228234 24 2 b‘.:“”l’.‘(”7 76 -‘47
523123724324925526.126.727.327928529.129

Frequency (MHz)
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This is a model of the classic 80m Windom (off centre fed dipole)
antenna - 136ft (11.82m one leg, 29.63m the other - fed with a
4:1 balun). You can see the low SWR points when mounted flat
top.

They change if the antenna is mounted as an inverted V. Not many
manufacturers or books tell you this, but it seems to be the case in
practice.

To produce these graphs I used MMANA-Gal's ability to output a
.csv file of values across a whole range of frequencies (3-30MHz). I
then imported these into OpenOffice Calc to graph them.
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 Optimising tf

40 OCF (Windom) Antenna

Ga: 7.22 dBi=0 dB (Horizontal polarization)
F/R N NN AR Rear Azim 120N den  Flew RN den

305
Conventional 1/3 feedpoint
25 41.1% feedpoint
20 A g Y
%
x
= 15 A
(3} o ™”
10 A ! F 4
i Fi 11 F 4
4 LY
5 | g % v
} <.2/ \‘\
< _
1
65 7.4 83 92 101 11 119128137146 15516.4 173182191 20 209218 227 236245254 263272281 29 299

Frequency (MHz)

33.3% feedpoint versus 41.1% (8.65m leg and 12.38m leg and 4:1 balun)
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Here you can see that feeding a 40m Windom at a special point
(not the one third/two third point) gives you 15m too. These
results were output from MMANA-GAL and then imported into a
spreadsheet. The 8.65m/12.38m OCF Windom gives you 40m,
20m, 15m and 10m. That is, you gain 15m.
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—— With reflector 55.5m long underneath AT
-3 Bk 3cm over the ground =3
-10 \ ~& -10 \
- - \ 80m (40.6m) horizontal fl - \
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/ -9 N e N 2 /
/ Bt b \ \\ - 2 ¢
/ -30 \ N\ -30
\ -40 ‘ *‘ M -40
; { [ X SR ren et X
| / |
\
,/ 80m Club Contest Super Antenna: 12dB vertical gain?
Field(s)
\ H © Total V+H
L Load “.mab file J Clear Colour | Return
No. |[F(MHz) [R [ix [swrR  [Gh [Ga [Fie Elev. |GND [Height Pol. File name
1 3.6 12.798 2.861 3.92 — 19.12 0.0 90.0 Real 0.0 H this 80m dipole
2 3.6 33.04 0.044 1.51 7.15 -0.0 90.0 Real 0.0 H C:\Program File

<
R\ 169

Yistart. (£ O 7 @ vmansos besc 75) MaNAGALbasic ... | (€ Adobe Photoshop ...
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Putting a 55.5m reflector just 3cm off the ground under an 80m
horizontal dipole could give great NVIS gain if the model is to be

believed. But does it? It is still to be tried.
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Ga: 7.22 dBi=0 dB (Horizontal polarization)
F/B: 0.00 dB, Rear: Azim. 120 deq, Elev. 60 deq

* The software assumes your antenna has nothing around it

* And what about your earth conductivity/dielectric constant — do
you know what they are?

* Make sure you choose the right impedance (defaults to 75 Ohm)
* Make sure you set the elevation you want to test

* With inverted Vs you'll need Pythagoras to help you

* PVC-coated wire will have to be shorter than predicted (90-95%)

* Real-life SWR values will be far better than predicted due to coax
losses

* Don't apply a “source” to an angled joint — put a short piece of
straight wire in and feed that

* |t's a simulation — real-life installations might not behave that way

.4 & Steve Nichols GOKYA
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* MMANA-GAL software:

* Quick Start Tutorial:

* YouTube — many tutorials, just search
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