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1. Introduction

NEC (= Numerical Electric Code) is a simulation method for wire antennas, developed by the Lawrence
Livermore Laboratory in 1981 or the Navy. To realize this an antenna is divided into “short segments” with linear
variation of current and voltage (like SPICE when simulating circuits). The results are very convenient and the
standard for this simulation technique is NEC2.

Time is running and so the weaknesses of NEC2 (e. g. simulation errors when wires are crossing in a very short
distance or when using buried wires) were overcome with 4NEC2. But 4NEC2 was top secret for a long time, no
export allowed and still today very expensive (= starting at 2000$). So a normal private user will take NEC2 and
has the choice between lots of offers in the Internet. The two leaders are EZNEC (= not free of charge) and
4NEC2 (= completely free).

Especially 4NEC2 offers a huge amount of possibilities and options (including graphical 3D display of the results)
and was programmed by Arie Voors. Its main advantages are the optimizing tools and the parameter sweeps. It
can be found and downloaded free of charge from the Internet.

Two program packages must be installed: first ,4NEC2.zip“ and afterwards ,4NEC2X.zip“ in the same directory.
»4NEC2" is the NEc calculator but ,,4NEC2X“ (= 4NEC2 Extended) offers after pressing F9 the mentioned
coloured 3D presentation of the simulation results with a lot of features.

Please note:

4NEC2 is an unbelievable huge tool with infinite possibilities. So this tutorial wants to “open a door” and
so the user gets the necessary fundamental information about the usage of the software. He has then to
continue itself....

2. Installation

No problem: after the download (http://home.ict.nl/~arivoors/) unzip the package and start the 4NEC2 exe file.
After the successful installation right click on the 4NEC2X — exe file and install this software in the same directory.
The software is completely free and no licensing necessary. Bugs or proposals for improvements can be mailed
to the author Arie Voors who has done a huge work. So tell him , Thank you® in the mail for his work.

3. Getting Started
Click on the 4ANEC2X icon and you get two windows on your screen:

Main (F2) and
Geometry (F3)

After the simulation two additional windows can be opened:

Pattern (F4) and
Impedance / SWR/ Gain  (F5).

hemarks:
a) Input and property inputs, modifications and start of simulation are all done in the Main window.
b) The antenna geometry is shown in the Geometry window due to the Input NEC File.
c) Far field and near field simulation results are presented in the Pattern window.

d) And finally when sweeping you can see the impedance or the SWR or the F/B ratio versus frequency by
pressing F5.



4. Geometry Builder, Geometry Editor or Text Editor to create a NEC File?
This must be decided by the user who has the choice.

a) Creating the NEC file with the Geometry Builder is fine. For Patch-, Plane-, Box-,
Helix-, Spherical-, Cylinder- or Parabolic structures there exist own menus with own screens and the usage is
really simple. But you have only the listed 7 antenna types...

b) To create any desired structure is an affair for the Geometry Editor. This editor this mainly foreseen for
beginners and is easy of use.

The next 3 editors concentrate directly on the NEC file, because this is the goal of all preparation for the
simulation. That needs more effort for the user but gives more options for simulation and optimizing.

But remember:

All length values in a NEC File are always read as ,,Meters“. Otherwise you must write an additional “GS”
card with a scaling factor for correction (example: entries in Inches...) which is applied to the complete
structure.

But now let’s have a look at the 3 editors:

With a simple text editor like Notepad you have to write the pure NEC file and / or modify entries in it. So the
complete antenna structure must exist in your brain before writing -- but this is the fastest and most effective
way.

That is not difficult and after a short time you are familiar with this method. Then you are able to modify
structures or parts of them in a hurry....

The ,,0ld 4NEC2 — Editor” was a progress because of using buttons to separate the different parts of the NEC
file (but today no longer used and maintained).

e) the ,,new 4NEC2-Editor” uses menus with lines and columns for the different entries. Very fine -- but the user
with lot of experience misses now the direct view on the complete NEC file. So after some time of working with
4NEC2 nearly everybody returns to Notepad.....

In the following examples and projects all these different editor methods are demonstrated. So please examine
and decide yourself.




5. Starting with the included “example2.nec” (300MHz Dipole)

5.1. Far Field Simulation
Please change to the folder “models” and open the “example2.nec” file.

i Main [V5.8.1] (F2 - D)X [E]Geom - BX]

2 Show  Wiew validate fi : Wire |
SR =S
Filename |ExaMPLEZMEC  Frequegts

Voltage

Impedance
Parallel farm

EXAMPLE2.NEC 300 MHz

EMEs COmp. D i p 0 I e
arallel comp. |

]

Fi

SR |nput powwer W
Efficiency i Structure lozs W
Fadiat-ff. Metwork lozz W

Fiadiat-power W

Erwvirohment

Free gpace

utton’FT = Calculator

Comment

Example 2 : Loaded dipale in free space
See GetStarted tat
'End of comment

e -Ef a—nanz 4— Number of segments
| 1]
I =

Freq/Eval steps
Calculation time

Theta : 80 Axis : 0.2 mbr Phi : 280

In the left (= Main) window you find the simulation frequency and wavelength (= big red circle). The small red
circle in the under left corner of the window indicates that the dipole is divided into 9 segments. The right window
shows the dipole geometry in the related coordinate system.

m Generate (F7) [Nec2dXS1k5] @ Now press the F7 button (= start of calculation) and
choose ,Far Field pattern®, “Full“ and “Generate".

" Usze original file

: : An arc resolution of 5 degrees will do the job for the first
@Eﬂ!...E.'E.'.d..PﬂH.@'!!-‘!i Freg:|300 = time, giving short calculating times.
Frequency sweep
" Mear Field pattern Then press “Generate”.

" ItzHF 360 degree Gain table
{_pult=HF Gain @ 30 frequencies

T e " Har.

Reszol . '3 deq, expert zettings |

E-fld S b Run &verage
u LR Gain Test

Batch E xit




This is the success and the main window is now fulfilled with entries and data. Now Press F4 and the vertical
radiation pattern is shown in an additional window.

Validate Currents  Far-field Mear-field Plat

iew Seqr.

Shaw

EXAMPLE 2. out

£ [BI] §
TARGET
300 MHz s

ﬂ Main [V5.8.1] (F2)
File ke

%4 pattern (F4)
-2t field  MNear field

Tot-gain [dBi]

Edit Show  Run

Settings Help

Flak

Compare  OpenPF

0z

VYertical plane

18 15

i EXAMPLE Z.out

300 MHz Filename Frequency i 00 Mhz
Wavelength I 0,999 mir
Yoltage SE+i0Y Current 1.16-i0.03 4
Impedatice T4 +(1.69 Sefies comp. i 3142  pF
Parallzl form T4 043244 Parallel comp. i 0164 PP
SW.R. 50 1.48 Input power 100 W
Efficiency 9753 X Stucture loss 2469 W
R adiat-aff. 9713 4 Metwork loss ] W
RDF [dE] 214 R adiat-power 9753 W
Erveironment
Comment
Example 2 : Loaded dipole in free space ~
See GetStarted txt =
'End of comment
13 Seg's/patches q stat  stop count  step
V Pattern lines 5329 Theta HE 180 [ 73 | 8§
150 . ;
ExAMPLEZ out 165 201 < dBi< 2.01 | Frea/Eval steps 1 Phi ] 360 i 73 5
Phi= 360 Max gain The:180 [ Calculstion time 0219 =

The ,Show" menu in the Pattern (F4) window offers several options. With “Next pattern” and Previous
pattern” you can walk through the diagrams.

Pressing ,Indicator” gives an additional radial cursor for the diagram. If you
left click on any point of the pattern curve with the mouse the cursor snaps to
this point and the values of this point are indicated.

Far field Flear field  Compare

Jext pattern >

Prev patkern "<’
Indicatar ‘T
Info T
Structure ‘G

Inc, struck-size 'Pgup’
Dec, struck-size 'Pig down’

Prink kel
Change calors  "Chrl+3!

[ e =

e e e



Under “Far Field“ can be found:

%8 Pateern i~4)
=l Far field Compate  OpenPF

a) The switch for changing to the Horizontal Plane.

b) The option to change to the ,ARRL-style scale®,
using a logarithmic scaling for the amplitude
including an ,automatic scaling spread”. So all lobes
of a pattern are visible without efforts.

Tot-gi « morizontal plane *Spacebar’
v ORRL-skyle scale 'L

Show Multi pattern ‘M

Show Bold lines B

Font scaling

300 rE

c) “Multi Pattern” shows all diagrams for chosen

polarity.

15 Meut Phifaz slice  'Right’
Prev Phifdz slice  'Left”
Mext TheEl slice  'Up'

“Bold lines* gives thick lines of the curves and

“Font scaling” is self explaining.

%{"H\\)‘QN f

1E
Prev ThefEl slice  'Down’ f) At last you can switch the azimuth angle (Phi) and /
or the elevation angle (Theta) forward or reverse.
v Mo normalization  ‘Home'
18 Mormalize overall The rest of the menu should be tested by yourself.
Marmalize each
19 High/law ranges

g A

5.2. Coloured 3D Presentation

This option needs ,,4ANEC2X". So please start your work in the future always by opening
this program.

% Viewer (F9) [ EXAMPLEZ.out ] (A)[i=)d] Close 4NEC2 and start
Actual azimuth angle A?”,”_M“Z ANEC2X
[ o ®s| 0.2 mbr
(Phi) and elevation angle Thee T ,
ERRED Use again the
(Theta) Al .example2.nec* file and
T T || repeat the far field

e T simulation. Then select F9
. #Aﬁ to start the 3D Viewer and
Zoommg .|| you will get this screen.

DlteYell- i Now press the left mouse

o button when rolling your
mouse -- this varies the
azimuth and elevation
angle of the diagram
(...for you the result is like
a flight in a helicopter
around the antenna...).

Tot-gain

Using these two settings

only the dipole structure Qucity

& T

is shown s Tis
[34 [Eo8




Now play a little bit with the following buttons:
a) ,ldent"is used to identify and to mark a desired segment after entering the segment number.
b) ,Res” = “Reset" to the start position after the invoke of the 3D presentation.
c) “Rotc”is used to define a segment as rotation centre.

d) ,Col* invokes the colour menu .

S hruchure [ | Let us continue with the proposed 3D presentation of the antenna’s radiation.

Multi-cola Chose these settings....

v ARFL style

M agnitu: + | ...and you get this screen. The pattern can be rotated like before by using the mouse.

¥ Viewer (F9) [ EXAMPLEZ2.out ]

ﬂ 200m

Ident| FRes
Ratz| Col

[ Truerad.
7 —

I iz
-

.

Structure -

tulti-colo -
Tat-gain =

[v ARRBL style

i agnitur +

Cuality
el
FFS Tii's

[46 | 5732




Here follow some presentations which are of interest for a lot users:

—

|dent| Res

Ratz| Cal

I Truerad | At first the current

N | _+| | distribution on the
antenna wire...

W iz

=

-

Currents w
Hide patt. =

Wer-gain  *

taghitue -

EEN

Ident| Res

Rotz| Col dd v th
...or additionally the

[ Tmerad  opase distribution.

JEN I

v Az

o

e

Currents =
Hide patt. =
Yer-gain -

Buath -

Or all the segments of the wire can be made visible:

Seqment: *
Hide patt. =
Tot-gain -

Play now yourself with this huge amount of possibilities...but this takes time....



5.3. Opening the NEC-File with the Notepad Editor

Change to the Main menu (F2), open “settings” and chose notepad-editor. Then press F6 to open the NEC file of

our antenna.

Please do not jump over this chapter, because a deep analysis of the NEC file details helps to modify or
to optimize or to analyse error messages.

B Example?.nec - Editor,

Datei Bearbeiten  Format  Ansichk 7

=¥ len=.4836

M Example 2 :

Loaded dipole in free space
See Getstarted.txt
" End of comment

" symbol: Length for wl/2

Gw 1l 90 -len/2 0 0 Tens2 0 .0001 "wire 1, 9 segments, halwe wavelength Tong.
GE 0 " End of geometry

Lb 51 00 5.80001E7 " wire conductiwity

EXx 01 5010 "wvoltage source (1+j0) at wire 1 segment 5.
FRO1 00 3000 ' set design freguency (300 M.

EN " End of MEC dnput

Every line starts with a short abbreviation (= card name) and describes in a short form the task of the line.

Attention:

In the main window you find a “NEC short reference® in the help menu.

Now let us examine every line.

Line 1 and line 2:

“CM* starts a comment line with a maximum of 30 signs.

Line 3:

“CE" is “End of comment”

Line 4:

“SY* stands for a “Symbol“ and this is always a Variable (here: length = len=0.4836).
Caution: all length values in a NEC file are given and calculated in Meters.
Corrections can be made by using an additional “GS” card (= geometry scaling) e.
d.- when using feet instead of meters. This scaling factor is applied to the complete
structure.

Line 5:

“GW* =,,Geometry of wire“. Let us have a detailed look at the entries of this line.
The line starts with “1“ (= “Wire humber 19).
“9" indicates that the wire is divided into 9 Segments.

“0/-len/2 / 0* are the xyz coordinates of the wire’s starting point. Length unit is
always “Meter”.

“0/len/2 / 0* are the xyz coordinates of the wire’s end point.

“.0001“ is the wire’s radius in Meters.

Line 6:

-.GE"“ = end of “geometry information®, followed by a number which describes the
ground

“0" means: no ground = free space.
“-1“ or “1“ represent a ground, but the details must be entered in a separate
“Ground card” (= GN card).

10




Line 7:

»,LD"“ = ,Loading of a segment". Please use the NEC short reference
and the NEC manual in the online help to find out all options.

“5” = in this example only “LD 5“ is used to enter the conductivity of the antenna wire.
“1” = Wire 1.
,0 0“ = two empty fields.

,9.8001E7" is the conductivity for copper ( in mhos).

Line 8: “EX“ = “Exitation”.
“0" = a voltage source is used for excitation.
“1“ = wire 1 (=tag 1) is excited
“5" = excited segment of Wire 1.
“0" = an empty field.
-1 0“ = real and imaginary part of the applied complex voltage (1 + jO).
So in this case a real voltage of 1V is used
Line 9: “FR* = frequency information.
Normally a sweep is used and must be programmed. So some information is necessary
if only a fixed frequency is used:
“0" = linear frequency sweep (“1“ gives a logarithmic sweep)
“1“ = only one frequency step is foreseen.
“0 0 = two empty fields.
“300“ = start value of frequency = 300MHz.
“0" = gives a frequency step width of Null MHz
Line 10: “EN“ = end of NEC file

11



5.4. Using the ANEC2Editor

Caution:

As already mentioned you have the choice between an old and a new version (...you find them in the

“Settings” of the Main menu).

5.4.1. Working with the old 4NEC2 Editor

No problem, it’s like working with Notepad in a modern environment. But this editor version is obsolete.

i Edit MEC input-file

File  Edit

Options

— Comment line
Card

Comment

IEM |E:-:am|:u|e 2 :ILoaded dipolz in free space

I Comnt | Ins |

Del |

Q

Loaded dipole in free

Lt Example 2 ©
CH See GetStarted.txt
CE 'End of cornment

Y len=.4826 ' Spmbol; Length for wiL/2

G 190 -len/2 00 len/2 00000
GED

"Wwire 1, 9 zegmentz, halve wavelength long,
'End of geametmy

LD &510058001E7 "Wfire conductivity

Ex018010 "Woltage source [1+0] at wire 1 segment 5.
FROTO03000 ' Set design freguency [300 Mc).

EM "End of HEC input

5.4.2. The new 4ANEC2 Editor

& Example2.nec - 4nec? Edit -] X

File Cel Rows Selection Options

|SymboINariabIe with walue or equati =
Symbols ﬁmirq} E HI v %E:ggad 1 Freq./Ground T
R —————

moupd e | Do @ ]

Others T

Carnrnent

Symbols

| comment
Symbol: Length for WLA2

Mr | Symbols and equations

Comment
("length"” means
half wavelength)

Variable "length"
(len=0.4836m)

Scaling in "Meters"

& MeteisC™ Fest (" Inch ~ Wave:
lenght

" Custom  Factor I‘I.EI

The editor can either be
invoked by pressing
<Control> + <F4> or by
opening “Settings” in the
main menu followed by
“Edit / Open Input NEC
File”.

This is the first card named
“Symbols”.

All the used wires and their properties are listed on the next card “Geometry“ (Tag Number / number of

segments / xyz coordinates of wire start and end / radius of wire in Meters).

12



& EXAMPLE2.HEC - 4nec? Edit

File Cell Rows Selection Cptions

|Default straight ling wire-element

rupd s | Do @

Symbals m Sournce/Load T Freqg. /Ground T Others T Comment
Geometry [Scaling=eters [~ Use wire tapering
Ni [Type | Tag|  Seos 1] | Z| =2 e Z2|  Radiug| |
1 Ewire 1 9 1] len/2 1] 0 l=nd2 1] 0001

On the Source / Load card must be noted that a real voltage source (magnitude = 1V) is connected to Tag 1 /

Segment 5.

(Remember: In the load card “LD” in the true NEC file there was only one entry the value of the conductivity of the

copper for the wire).

i EXAMPLE2.MEC - 4nec2 Edit

File Cell Rows Selection Options
| rupd | Del| @
Symbols 1 Geometry Freq./Ground | Others 1 Comment l
Source(z] ¥ Show zource W Show loads [~ Show Tr-line

[u:upt]| Heal| Imag| Magn|

F'hase| [nu:urm]| | O

1 0 1

0 Yalt,

Type Tag-nrl First-segl Lagt-zegff Cond [S]l

| comment

‘wfire-conduc

Wfire conduct

13



& EXAMPLE2.MEC - 4nec?2 Edit

File Cell Rows Selection Options

|
{ \
4 Symbols Geometry 1 Soucelload | |Freq./Ground:

Frequency

Frequency |300

Environment

Ground /
Free-zpace -

Free-zpace

At last information about frequency and
sweeping must be entered. No problem
for a fixed frequency simulation at
300MHz and a dipole in free space.

—
—
—

—

—

.

5.5. Near Field Simulation

Il Generate (F7) [Mec 2dXS1k5]

" Use original file

" Far Field pattern

" ItsHF 360 degree Gain table

" ItzHF Ga@™@30 frequencies
@ " H+d

Start Stop Step
X [-20 20 1.6 (il test|
¥ 0 0 1 Tot-paints
z 0 50 2

Generate

Exit |

Open main* (F2) and press “F7“. Then choose “Near Field Pattern”
and “E-Field“ and check the entries. This is the task:

Show the E Field distribution for Y = 0 (= centre of dipole as seen in
the direction of the antenna wire and step

»X“ from -20m to +20m in steps of 1,6m

and

»Z"“ from 0 to 50m in steps of 2m.“

E totin [ ¥/m]

200 MH
824 507
773 B
722 B
E7.2 40
£2.1
- 5
52 0
LG -
418
we 20
N7 s
266
zg 10
165 g
11.4
g Ul
1.28
=0 mir

EXAMPLE 2 out

This is the simulation result.

Important:

The scaling of the field distribution belongs to an
Input Power of 100W (See the “Settings” menu and
then ,.Input Power* for changing)

(Remember:
This power value is also used when simulating the
current distribution on the antenna wire).

2%

1.28 ¢ [W/m] < B2.4
Max: X=0.8: Z=0

14



5.6. Sweeping the SWR and the Input Reflection

[lll Generate (F7).  [Nec2dXS1k5] [Zl
£ Use original file Press F2, then ,F7. Select “Frequency sweep*.

 fiom file Enter the sweep range from 295 to 305 MHz in the lower half of the
menu. Use a step width of 0.1MHz.

LI PR UCE CDUE IR D Select ,Ver* (= Vertical Pattern) and start the Simulation with the button

" ItsHF Ggimef® 30 f i « «
5| requencies Generate“.
" Gain @ " Hor. ¢ Full/3D

Resol |5 deg expert settings

[~ Efid [ Sufwave [~

ER : Start | 295, Stop | 305. Step | 1

LM Thets ] GON
Farward ’T ’T ’T
Backward ’ﬁ ’T ’T

Generate | Batch | E it |

Simulation result:

% Imp. / SWR / Gain (F5)
Show  Wiew Flak

SR [ B0 ohm) EXAMPLE 2. out

il

E

a]

4

3

2

PR e
1o M, ey - - ey bt
1
295 296 297 298 239 300 am 02 03 04 305 MHz

Fefl coef [dB] [ 50 ohm)
10

12

_13 e

14 e S R—
15

16
7
18
19

-20
235 296 297 238 233 300 am a0 a3 a04 305 MHz

15



6. First own Project: 300MHz Dipole over realistic Ground

6.1. Modification in the NEC-File

The easiest way is to use the NEC file of the last example and to modify it:
a) now the dipole hangs 1m above the ground and
b) arealistic ground shall be used.

At first create a new folder for own projects (e. g. “own_examples®) and in it an additional folder this task
(“dipole_over_ground®). Then copy the NEC file of the last example into this new folder and rename it to

dipole_over_ground.nec

Then start 4NEC2X and select the new 4NEC2 editor in the settings menu. Open the new file
“dipole_over_ground.nec” (by pressing F6).

At first enter in the geometry card the height of the dipole’s start and end pointto Z = im

& dipole_over_ground.nec - 4nec? Edit

File Cell Rows Selection Options

D efault straight line wirs-element [ Upd  Ins. Del. H

Spmbuols Sowcedoad | Freq/Ground | Others T Comrnent
Geometry [Scaling=Meters [ Use wire tapering
Mr E‘T_I,Ipe | Tag|  Sens| w1 1] w2 2| R adius| |
1 Ewie 1 3 0 len/2 0 lens2 0001

Then switch to “Freq./Ground”. Select “Real ground” and “Average*. Let the field “Connect wire for Z = 0 to
ground* free.

& dipole_over_ground.nec - 4nec? Edit

File Cell Rows Selection Options

[ rupd o] o] @

—
e I Geomety | SeucelLoad Freq. /Ground Others T Camment
Frequency
Frequency |300 tdhz ’7
[~ Sweep ’7
Environment
Ground /
el [l | =
O-:unnec:t wire[z] for £=0 ta ground Ii
i
{
[ Use second ground

Now open the NEC file with notepad to see the modifications:

16



M Example 2 @ Loaded dipole 1m above ground

cM New height: z=1m

M
_E
sy len=.4834 "symhol: Length for wL/2 / \
W 1 o 0 —'Ienfzo 0 len/2 o L0001 "wWire

GE -1 I—Ground present, wire-ends not connected to ground,
GN card required

LD 5 1 ] ] SE000000 "wire conductivity

N : ] ] ] E 5.00; ] «&=Ground card
Ek

Ex 0 1 5 0 1 0 "voltage source (1+j00 at wire
FR 0 0 0 0 300 0

Ehl

The entries in the Ground card GN are easy to understand:

2 = Sommerfeld Norton Ground.
,»13% = Dielectric constant
,,.005% = Conductivity in mhos/m

17



6.2. Far Field Simulation

i Pattern (F4)

150
dpok_over_gioundout 7 5 339 < dBi< 7.45
Phi= 360 i 180 Max gain The:75

This is now a well known procedure: Press F7, select “Far Field Pattern” and

“Full“, followed by ”Generate".

That gives this pattern for the ,Vertical Plane".

Press F9 (or the 3D button in the menu bar) and you can see the 3D pattern when using the indicated settings:

i3 Viewer (F9) [ dipole_over_ground.out ]

Norton
Ground

Sommerfeld

3D
Radiation
Pattern

a00  Mhz
Auiz| 05 mir

Theta FPhi

|58 [236
ﬂ ZDDI‘I‘lﬂ

|dent Hesl
Rotc Eu:ull

[ Truerad.
1] o

v Az
v Ground

Structure
b ulti-colo -

Tot-gan -

[(uiality

FT -

18



6.3. Near Field Simulation

M Generate (F7)  [Nec2dXS1k5] [X]

" Use original file

No problem: use these settings and at once you get the Electrical
" Far Field pattern Field Strength around the dipole.

Input power is 100W.

" ItzsHF 360 degree Gain table
" ItzHF Gammi@ 30 frequencies

Stop Step

1.6 [mtr] test

T ot-paints

% Pattern (F4 - | |EJ
E tot in [ ¥/m] ¥=0 mtr
200 kH
iy
463
432 B
401 a0
a1 .
a4
a0.9 a0
278
25
247
27 4
18.6 15
15.5
124 10
334 5
B.26
1]
318 e o |
01
=0 mir 071« [W/m]< 494
dipole_over_ground.out Max: X=0.8; /=2




6.4. Sweeping the SWR and the Input Reflection

[l Generate (F7) [Mec2dXS1k5] E|

" Use original file

[~ from file

simulation.

M}

ItsHF 360 degree Gain table
ItsHF Gaigef@ 30 frequencies

’j

" Har.

expert settings

[ Sufwave [~

Gain " Full/3D

Fezol. |9 deq.

[~ E-id

I& Start | 295, Siop | 305. Step | 1

Glaons, Thew o T Thet
Forward |5 |0 | 0
Backward | 175 | O | 0

Generate

Batch | E it

Open this well known F7 menu, select “Frequency sweep“ and
choose a sweep range from 295 to 305MHz with a frequency step of
0.1MHz. Select “Ver” = Vertical and click on “Generate” to start the

After the (longer) calculation time we get the result. The only difference to the last chapter is an increase of

1.5MHz of the frequency for minimum reflection

2 Imp. / SWR / Gain (F5)

9=)E3

Show  Wiew Plaot

SR [ B0 okm) DIPOLE_OY¥ER_GROUMND out

10

g

G

a

4

3

2

b i S
TR — - — oo it
1
295 296 297 293 293 300 3am 302 303 304 305 MHz

Refl coef [dB] [ 50 ahm]
-10

et

295 296 297 298 293 300 am anz

a0z 304 305 MHz
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7. Second project: 300MHz Dipole using thick wires
7.1. The Thick Wire Problem

I Symbols - Editor

Datei Bearbeiten Format Ansicht 7 In the last examples an ideal and infinite thin wire was used for the
I pefault sy{mbols) constants Simulation. But in practice the wire radius must be increased to get
P1=3.141592653585%79 some mechanical stability.

| AWG wire radi din mm's When opening “Settings” in the main menu you find in ,pre-defined

#0=8. 252 Smm, 2
#1=7.3452mm/ 2
#2=6. 54 3 0mm, 2
#3="5. 8268mm,/ 2
#d =5, 18%2mm, 2
5= . 6203mm, 2
#6=4 . 114 8Bmm, 2
#7=3.6652mm, 2
#5=3.26359mm,/ 2
#G=2. 905 8mm, 2
#10=2. 5853mm/ 2

symbols®“ an AWG (= American Wire Gauge) list. .

e ggggmﬁ Choose “#3“ with a diameter of 5.8mm because this gives enough
#13=1. 82 E5mm /2 mechanical stability.
#14=1, 62 5Lmm/ 2 Open the NEC file with the editor, enter this value and save all.

#15=1.4503mm, 2

#la=1. 2903mm,/ 2

#17=1.1506amms2

#lE=1. 0236 2 oo .
Al 0=0. gllgmm§2 So the Geometry card must now look like in the new 4NEC2 editor:

#20=0, 81258mm/ 2

& DIPOLE_OVER_GROUND.NEC - 4nec2 Edit

File Cell Rows Selection  Options

hu/ite tacius [diameter/ 2](for F ™ Upd Ins.| Del &l

| Sprbols Source/Load T Freq. /Ground T Others T Comment

Geometry  [Scaling=Mete = wire bapering

Ni |Twpe | Tan| eos| #1] 1] 71 22| 72| Z2W Radiuz| |
1 |wie 1 5 0 ens2 1 0 lens2 1 #3

Caution:

& DIPOLE_OVER_GROUND.NEC - 4nec2 Edit

File el Fows Selection  Options Now you must open
[ m “Others” to activate the
Symbols Geometry T SourcedLoad T Freq. /Ground T Dthers: extended kernel for the

fat wire support!

Fat wire support

@Jse Extended Kemel

When checking the NEC file with Notepad you will now find an additional new card:

The card is namend “EK“ (= extended kernel) and in the future this new line can also
be added by hand with the Notepad editor...

(Information: the new 4NEC2 editor adds this line automatically).
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7.2. Far Field and Near Field Simulation

300 MHz

Tot-gain [dBi]

Yertical plane

Phi= 360

AR(
DIFOLE_OVER_GROUND aui-——

50 i
999 ¢ dBi < 7.58

165 Max gain The:75

-180

5 Viewer (F9) [ dipole_over_ground.out ]

30 Mhe
05 mn

==
F]

There are no changes
compared to chapter 6.2
(far field) and to chapter 6.3
(near field for an input
power of 100W)

AW | 3|z |
: 7Bl
f Lilklye EE

£F

7.3. Sweeping the SWR and the Input Reflection

% Imp. / SWR / Gain, (F5)

Show  Wisw

Plok

CEEX

[} L = MO 00—
)]

1

SWH [ 50 ahm)

DIPOLE_OYER_GROUMND. out

-

285 287 283 291 293 295 297 293 3 303 305 MHz

FRefl crnef TARTT RN Akeal

Reflection Minimum for

10 [@ #3 wire (= diameter of
12 [5.8mm)
14
16
18
20
285 287 289 291 293 295 297 299 am an3 305 MHz

This is the influence of the thick wire: the frequency for minimum reflection has decreased to a value with is
10MHz lower.
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7.4. Sweeping the Antenna Gain

At first repeat the simulation of the vertical radiation pattern (see chapter 7.2.), but with an angle resolution

of 1 degree.

%8 Pattern (F4)
Show  Far Field
Tot-gain [dBi]

300 MHz

-165

_ AR
ground. out

In this diagram the elevation angle for
maximum gain is indicated as Theta =
76 degrees.

In the left lower corner of the diagram
an azimuth angle of 360 degrees is
indicated (this means that we see a
“cut” through the 3D pattern at this
angle).

Elevation angle
for maximum gain

M Generate (F7)  [Nec2dxs1ks] [X]
" Use original file
a)
: [ from fil b)
ear Field pattern
 ItsHF 360 degree Gain table c)
" ItsHF Gain @ 30 frequencies d)
" Wer, " Hor. ¢ Full/3D
e)
Resal (1 deq. expert gettings
[ Efid [ Surfwave [

ER Stat | 2800 Giep | 3100 Siep | .2

Graphz: efa  Fhi
Fonward 76 o

Batch | Exit

Generate

Press F7 to enter the following options:

Frequency sweep

“Gain“

Angle resolution of 1 degree

Sweep from 280 to 310MHz with a step width of 0.2MHz

Set Theta to 76 degrees and Phi to 0 degrees

Now press “Generate“.

(Click off the information that in this case no “F/B” data = front to
back data are available. Ignore ist and continue with “Generate”)

After the simulation process we see window F5 with the SWR and the input reflection S11.
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B t=mp. /SWR / Gain (F5)

Plot

Select “Show* and “Forward Gain“ to

eta= 7E; Phi= 360 dipole_thick_wire_out

/ total gain

290 292 234 296 238 200 302 304 306 308 I0MHz

280 282 284 296 288

get the diagram with gain versus the
frequency.

(And in the lower diagram we see that
the remark “no F/B data available” is
true).

Fréback; Theta= 76; Phi= 360
1e3

0
280 282 284 296 280 290 292 294 236 298 300 302 304 306 308 310MHz

7.5. Sweeping the Input Impedance

Open “Show" and select “Imp / Phase”.

Now the exact value of the resonant frequency can be determined to 291MHz (there X = 0).

And as theory says, the input impedance has a value of 70Q (= radiatio

n resistance).

2% Imp. / SWR / Gain (F5)

Shaw  Wigw Plot

CBX

R [ohm)
100
an
=11
il
40

a0

dipole_thick_wire.

20

out

1D 1 1 1 1 1 1
280 282 284 286 288 230 292

£ [okhm)
100 50
80 140
B0 ad
Gl 120
40 110
W el — Y — — — — — — — - '31 ;
20 1-20
Resonance =
50

1D 1 1 1 1 1 1 1 1 1
280 282 284 286 280 290 292 E34 Z36 298

300 302 304 305 308 F0MH:
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8. A wonderful toy: the Smith Chart Machine

When a simulation is successfully done a Smith chart symbol is highlighted in the menu bar.

So we repeat the frequency sweep of the SWR and the Input reflection over a frequency range from 270 to
310MHz with a step width of 0.2MHz and press the Smith chart button. This gives the following screen:

E¥ Smith Chart (F11)
Show  Wiew Export  Import

¢---- Towards Load - 30 20 -3 Towards Generator -
110

ATT. SwWR Swh

i 22
[dE] [dB] wolt-ratio Secenr - 1
i 295 999 23Ty 2 rc-nr
L ap £ 50 ,24?::;?_0"# o
[ . el - E 5, 50
- Circle withr= 0. :
1 T i
- (=/ma
e :
- at 2
-2 0]
E P
E 4
=_5 E -
[ 5 7
- .
ET 3
E 10 ;? g
. " o 3
+ 25 .
Tao oo
E‘LEZ— 15 ]
na— 12 D.Dﬁg
M4t o
0E-— 4
=g T
1 T 7 0.2
& ]
R 0.3
*Eha 0.4

811
.at 2

33 0= 1 1
rWith the mouse cursor at t
Lozsin [dE] Fefl-cosff.

Freq: 270 Mh3

51104098537

; i . ! . Mouze -10 + | 6.2 ohm
-0 0 -2l [-14 #421.8 ahm ]

The simulated S11 is shown as black coloured curve.

In the right lower corner of the screen you find the actual frequency (here. 270MHz). Use the “right” resp. “left
arrow key” on the keyboard to walk through the simulated frequency range and you will here see the S11 value
for this frequency.

Caution:

The information “Mouse” in the next line shows always the impedance value at the actual mouse cursor
position (....and NOT the converted S11 value of the curve for the simulation frequency). This impedance
is indicated in serial and in parallel form.

Additionally we find a pink curve and a green vector running through the actual point of the S11 curve. The circle
radius gives the S11 magnitude (here: 0.409) and this circle is the way on which we march when a transmission
line is connected to the input of the antenna.

The phase of S11 is indicated by the green vector (..use the scaling on the circumference of the Smith chart).
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On the left of the Smith chart

ATT. SWHR o SWhA i some additional information is
—[I:IdE] [Eld:?] "él‘:E'llg"a“‘:' 120% indicated (using pink pointers).
- ]

Caution:

At first think a horizontal
separating line between
the upper and the lower
nomograms ( = marked
in red colour).

20

In the upper half you get the
relation between the actual
SWR and the SWR voltage
ratio.

In the lower half the relations
between reflection loss,
return loss (in dB), power
reflection coefficient and
voltage reflection coefficient
are indicated.

0.a

0.1
0.z 0.0
na
047 4p 0.1
i
0.8
1 7 0.z
G
15 5 0.3
2 oy 0.4
3 3 0.5
4 2 0.6
g 0.7
1 0.8 04
10 0.4
99 0 1 1
Fefl. Retu. F ]

Lo=zin [dE] Fetl-coeff.

In the menu for this presentation you find “Export“ and “Import”.

This can be used to produce a Touchstone file (= S parameter file) for export purpose or data saving. You have
the choice between “magnitude / phase” or “dB” form. Also Z parameter files can be produced and exported.

And, if you want, use this Smith chart machine to read and to present foreign (= imported) Touchstone files.
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9. Optimizing (Key F12)
What is an antenna design worth without optimizing? This can be done after pressing F12, but some preparation
is always necessary:

Every antenna data (which shall be varied for optimizing) must before in the NEC file be replaced by a
variable with a definite default value.

9.1. Optimizing the Antenna Length (thick wire dipole of chapter 7)

Task:
The resonant frequency of the “thick” dipole (see chapter 7) should be 300MHz. So let us automatically vary the
wire length until only the radiation resistance can be measured at the dipole’s input at 300MHz (and X = 0)

Step 1:
Open the NEC file with Notepad and set the default value of the variable “len” to 0.465m. So this line must now
look like:
SY len=0.465
Step 2:
This is now the NEC file:
CM Loaded dipole above Sommerfeld ground
CM Thick wire used (#3)
CE End of comment
SY len=0.465 ' Symbol: Length = 0.465m for WL/2

GW 1 9 0 -lenf21 0 len/2 1 #3 'Wire 1, 9 segments, halve wavelength long, 1m above ground,
‘wire gauge: #3

GE -1 * Geometry data entering finished. Ground used, ends of wires
‘ not connected to ground. GN ground card necessary

LD5 1 0 0 58000000 ' Wire conductivity
GN2 0 0 0 13 0.005 * Sommerfeld ground, er = 13, conductivity = 0.005 mhos / m
EK * Extended wire kernel used.
EX 015010 ' Voltage source (1+j0) at wire 1 segment 5.
FRO 0 0 0 300 O ‘ No sweep, frequency = 300MHz
EN ‘ End of NEC file
Step 3:
& [ohm] Fhaze
100 Al
a0 W a0
g0 | 130
a0} 120
a0 110
m B — — — 8 — ey 0
10
20 1-20
{-a0
1-40
10 50
280 1A 320 MHz

At first use a frequency sweep of the input impedance from 280 to 320MHz to show the goal of optimization.
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Step 4:
Press F12 and check whether
2) “Optimize” and “Default” are set
in the upper left corner of the
menu. Then select the variable
(by clicking in the list) which
shall be varied for optimization.

Optimizer and Evaluator

Weighting factors [FOM] in X:

swh Gan F/BF/R R EF. In this example we have only
o o o |0 1] 0 “len” as variable and this

' ! variable can be activated by a
™ Surf-waye &t d:Sta”CE - |1 Kam mouse click on its name. But

|
Theta 175 |75 ITDt-gain vI

Fhi 0 [180 StaFﬂ

check whether “len” now can
be found under “Selected”.

o ‘:'““" R(alyl |5 deg Freg-sweep At last we set the goal of
Se Ie ct Ie n Er. Frequency opt!m!zation. It is possible to
E 300 optimize more but one antenna
i -

property but in this case every
property must be combined with
Update MEC-fil= | E xit I a figures of merit in % (blue
circle in the figure).

I I d-Fhi

[ o [ TR R P Plat reanilt |
: [FOM] in %:
F/R R-in  #-in Eff.
|“ |“ |1 Important:

Right click on the “X-in” window with its entered value of 100% to get
this additional menu. There select “minimize” as optimization goal.

Mazimize

i ITDt-gain Set target

aood enough

Freg-sweep

At last press “Start” and wait.

% Optimizer: Ready...

- Setfting: VYariable Sensivity:
Function Option Weighting factors [FOM] in %:
IDptimize vl IDefau vl SWH  Gan F/B F/R F-in  ¥-in Eff.

Variables Selected Il] |l] IDI ID ID |1l]l] IU

len I~ Surf-wave at distance = |1 Km
Theta [75 |75 T -
| L - -
e E R o
Fiesolution |5__ deq. I~ Fregsweep
d-Thet 0 Frequency
dFhi  [p 1] |3l]l] vl

Stop | Updaic NECHi: | Exit |

This is the result after 23
seconds and you can

“ »
Calculated results: Show LUQI Plat result I Yariable Values: press OK
Rur: | 5WR |Gain  |F/B [F/R [R-n |¥dn | ERE Res. %|Step %[ «| [Run:

3-4[1.4596 a a 0] 72.845( 22714 99.91| -0.02| 04 _ 340

4-1(1.4661 a a 0] 73.083[ 29357 99.91| -7e-3] 041 _41|0

4-2|1.4535 a a 0] 72.609( 1.6094| 939.91| 7e3| 01 _42|0

43 1.4472 a a 0] 72.335( 09400 99.91| 7e3| 041 430

4-4(1.4421 a0 a0 0] 72102 02782 9391 7e3| 01 440

4-5(1.4375 a a 0 7187 0381 9991 1e3] 041 _45|0.

51(1.4421 a a 0] 72102( 0.2778) 9991 1.e3] 041 _&1|0

5-2[ 1.4386 a a 0] 71.928| -0.217 99.91| 2.e-3| 0.025 _52|0

5-3[ 1.43597 a a 0] 71.986( -0.052| 99.91| 2e3 D.D25_| _ 53

5-4( 1.4403 a a 0] 72043 01121 99.91| -Be-d| 0.025 _ 540

E-1[1.4421 a a 0] 72102( 0.2782| 99.91| -2e-3 D.D25L| _E1|0

<| | _;I E-2
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Hesoltion |5 ces. In the center of the screen changes something and you have now the

choice between “Resume” and “Update NEC-File”.

Exit | Press “Update NEC-File” to save the necessary modifications. If you now

check the file by opening it with Notepad you will find a new value for
the wire length with “len=0.4697". So start a new simulation (F7) with
lRes =loen %1« the same frequency sweep as before.

Show Log

[Fr TRin  Iwiin
Here is the result:

Z [ahm) Phaze
100

50 : O
an __.___.___..._.--—-—-"""' 40 A fine done job!
B0
50
40

N ——— — i — — — — — — — — Dw

20 20

Very good! |3

b -40

10 . L . . . L . A0
280 285 230 295 W s 3o 1L 320 MHz

9.2. Parameter-Sweep

Often it is of interest how some characteristic antenna data (e. g. input impedance) vary not only with frequency
but also with special antenna properties (e.g. height over ground). To get a good overview in this case you can
use the parameter sweep for this purpose. Here comes an example.

Task:
Simulate the input impedance of the thick dipole at f = 300MHz when varying the height over ground
between 0.5m and 1,5m in 20 steps.

Step 1:
Use Notepad to open the NEC file for the following modifications:

a) Inthe “SY” add an entry for height as a variable with a default value of 1m (hght=1).

b) Replace the value of 1m in the GW card by the variable “hght”.

CM Example 2 : Loaded dipole above Sommerfeld ground
CM Thick wire used (#3)

CE End of comment

SY 1en=0.4697, hght=1 * Symbols: Length = 0.4697m for WL/2, height = 1m

GW 1 9 0 -len/2 hght 0 len/2 hght #3 'Wire 1, 9 segments, halve wavelength long, 1m
‘ above ground, wire gauge: #3

GE -1 * Geometry data entering finished. Ground used, ends of wires
‘ not connected to ground. GN ground card necessary

LD5 1 0 0 58000000 ' Wire conductivity on “Load” card

GN2 0 0 0 13 0.005 * Sommerfeld ground, er = 13, conductivity = 0.005 Siemens / m
EK ‘ Extended wire kernel used.

EX 015010 ' Voltage source (1+j0) at wire 1 segment 5.

FRO 0 0 O 300 O ‘ No sweep, frequency = 300MHz

EN ‘ End of NEC file
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Step 2:

'S Optimizer and Evaluator (F12)

Settings
Enter 20 simulation  press F121t0 open the
Swesp Min,  Max SwiR optimizer menu.
Variables et 05 [15 StlepTS at 300MHz Sweep the height over
len=0.4637 [ Surbwave aldistdgee = k.m ground .from 0.5m to
| 20m using 20 steps at
Theta [gn 300MHz.
P g
SEIECt "hght" and set Fesoltion 5 deq. Ilze fired stepsize

the limits to 0.5m and ., ME

1.5m

Start | Exit
Calculated results: Shaw Log Plat result Yariable ¥alues:
= = === = = == = ole:. - EN = T .. =

Step 3:

Start the sweep and wait for the message “End of Sweep”. Then click on “OK”.

F5 opens the access to the impedance, the SWR ratio and the gain.

Use the “Show” menu to get the simulation result for the impedance versus the antenna height over ground.

2% Imp. / SWR / Gain (F5)

Show  View Plok
Fi [ahm) dipole_over_ground. out # [ohm]
100 Resonance at a height of 1m over groupd_ 1
_ e 118
S (last example) .
40 | 110
an .
20
__________________ 0
10 ' L ' L L ' L L A
05 0E ny na 09 1 1.1 1.2 1.3 1.4 1.5 hght
Z [ohm] Phaze
100 20
an
g0 T {15
A}
a0t {10
an .
20
________ ] 1 F — — — — — — — — — — |:I
10 L L ' L L L L L A
05 0E ny na 09 1.1 1.2 1.3 1.4 1.5 hght

It is nice to see that the input resistance (= radiation resistance) only varies a little bit at different heights. But the
reactance....
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9.2.2. Far Field Pattern for different Antenna Heights

This is not very difficult. First open the windows F3 and F4.

F3 is a resume of all simulated patterns. But in F4 only one pattern can be indicated for the choosen height over
ground.

Click on F4 to activate it and use the horizontal Cursor tabs to regard the pattern collection.
(Caution: these are the tabs on the right hand side of your keyboard).

The actual height is indicated in the left upper corner of F4, the actual pattern is up lighted in red colour in F3.

%8 pattern (F4) |Z|i:rz| ,___Geumetr_;r. F3)
Show  Far field  Fesr feld Compare OpenPF o Flot Shows W =

e Wa Currents  Far-field Mear

VYertical plane DIPI]LE_I]‘JEH_EFII]UND_outTol’:%ain

Tot-gain [dBi]

Z
%
ARA 50
DIPOLE_OWER_GROUND. oyt————| -l 199 < dBi < 7.63
Phi= 360 g -180
1 Theta : 80 Axis - 0.5 mtr

—se

300 MHz

Phi : 280
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10. Third Project: Geometry Builder or Text Editor to design a Helix Antenna?

10.1. Fundamentals of Helix-Antenna Design

(Literature: ,,ARRL Antenna Book*, chapter 19-5. An excellent book which
must be recommended...)

A helix antenna consists of more but three turns of alumina or copper wire and
constant pitch. This gives a circular polarized radiation in direction of the antenna
axis (in the left illustration: upwards) and an antenna gain of more but 8dBi.

The radiation resistance has a value of approx. 140Q, if a circumference value of
one wavelength is used. Increasing or decreasing the ratio of circumference and
wavelength alters the radiation resistance in the same manner. So the perfect
matching of the antenna to 50Q is sometimes heavy work. But one important
advantage is the large usable frequency range with nearly constant gain and
radiation resistance and the circular polarization.

. This antenna shall work over “perfect ground” and so in practice you often find a
metal plate or disc (...or sometimes a little alumina pot!) at the feeding side.

In the Web lot of information and design software for a helix antenna can be found. Especially the Online
Calculator are a real help and easy to use. So let us design a 1600MHz which can not only be used for GPS but
also for Meteosat Weather Satellite Reception with such an Online Calculator (homepage: http:// www.vk2zay /
calculators / helical.php)

) Axial-Mode Helical Antenna - Mozilla Firefox =1 S|

Datei  Bearbeiten  Ansicht Chronk  Lesezeichen  Extras  Hife

@ L (s | # [t i vzzay.net/calc latorsihelical php 77 - % [IC]cooce £

9= [(@)] - [helcanternade ~| L search -+ %, || [ video History W Record Audio 5% Convert +) Flay * Settings JJ Record Music [ T Channels - (DD [ @@ O od- | |+

ol [0 wesseron || -2 @ - - @ - = - @) - e

‘ I_] Antenna design calculatars, RF calculat... | ¢ Anial-Mode Helical Antenna @ | F
P

Axial-Mode Helical Antenna Calculator

This is my simple implementation of the ARRL Antenna Book design equations for the axial-mode helical antenna. The dimension limits are enforced to ensure axial-mode radiation
Larger C/A tightens the radiation pattern at the expense of circularity

The 50 ohm matching techniques are discussed at length in the ARRL book. | have had good luck with the 1/4-1/2 turn close spaced matching technique, which sacrifices less
bandwidth than a coax matching network, but more than building four short helicals in an array with the tapered parallel feed system.

Frequency T80 Herz* 10F

Tumns IE— turns (at least 3)

CIA IW— Circumferencefavelength (075 - 1.33)

Dity [ Reflector DiameteriWavelength (0.8 - 1.1)

Sih [oes Tum Pitchivavelength (02126 - 0.2867)
calculste

Wavelength (A): 187 275 mm

Winding Diameter 53 643 mm
Winding Circumference: 187 375 mm
Winding Spacing: 45 344 mm
Winding Length: 965 709 mm

Reflector Diameter. 187.375 mm
Boom Length: 234.219 mm

Gain: 14.031 dBic

Half-Power Beamwidth: 45 510 deg =l
| Fertig

4 start| [ @) axial-Mode Helical An... | Helix B« o™z oose

From this screen we get the following antenna property collection:

Number of windings (= turns) = 5
Operating frequency = 1600MHz
Beam length = 234.219mm
Pitch (= winding spacing) = 46.844mm
Diameter = 59.643mm
(Wire diameter is 2mm)

32



10.2. Design using the Geometry Builder

Start “main®, then “run“. Select “Geomtry Builder“. Go to the “Helix” card for the necessary entries:

| Geometry Builder (V2.4)
Patch  Plane Box  Cylinder

Helix

Length L in [0.2342
Radius R1 i [2.982
Radius R2 in [2.982
Humber of tums [

Segments per turn |24

[ Left/Right handed

Number of helices |4

I Add center connections

[~ Use auto-segmentation

1600
mediu -«

Start with tagnumber [{

Frequency in Mhz

Segmentation

B=Ed

Parabola  Helix  Sphere  Help

Rotate X, ¥, 2 |[| |[|

i radius
R
'Y
lenght
L
number
of turns ¥
X
v
Manual wire radius |4 ‘:: } m
|l] I = symholz alzo allow

Move X. Y. Z | |

|ﬂ i E xit ‘ Create

Caution:
Let us use 24 segments per turn.

For a wire diameter of 2mm the
radius is 1Tmm.

Be aware that 3 different units
(Meters, Centimetres and
Millimetres) are used when
entering data!

Because “Left / Right handed” is
not marked you will automatically
get a left hand circular polarization
of the radiation.

If everything is OK, press “Create”
to create the NEC file, which will
open automatically. But with (5
turns) x (24 segments per turn) =
120 segments it is a little huge...
Save it at once using an adequate
namen (e. g. “helix_01.nec*) and
close the file and the Geometry
Builder.

Go to “Main”, open this NEC file and select “NEC Editor (new)“ in the “Settings” menu. Then press F6.

On the “Geometry Card” you find the entry for 120 segments with the all the coordinates and the wire radius of
0.001m

On the “Source / Load" card a voltage source must be applied to “Tag 1“ and “Segment 1 with a real amplitude
of 1V:
File  Cel

Rows  Selection  Opkions

~upd e | Do @ M

[Standard Yoltage source

| Symbols 1 Geomety | Sourcelload | Freq/Ground | Others 1 Comment
Source(s] v Showsource [ Showloads [ Show Trline
Mr | Type | Tag| Seg| [u:upt]| Heal| Imag| Magn| Phase| [norm]| |c:orr
1 EVnltane-srm 1 1 0 1 0 1 0
File el Rows Selection Options
|
Symbols 1 Geometry | SourcerLoad
Frequency
Frequency {1500 } whe The frequency is set to 1600MH. No sweep is used.
— r We use perfect ground and connect wires for Z=0 to

ground.

W
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File cCell Rows Selection options ON the “Others” card the Fat wire support must be activated.

| The last card of the menu is used for comments.
[ Spmbols T Geomety

. Now it is time to save the finished NEC file.
Fat wire support

ze Extended Kernel

10.3. Far Field Simulation
B BEE

Tot-gain [dBi] . 0z Vertical plane
il

Press F7 and start the Far Field simulation. The result is a maximum gain
of 9.34dBi

1600 MHz

180
helix_calc_02.0ut FB<dBi<9.34
Phi= 0 R T

Max gain The:0

EBX]

1600 Mhz
Lais[ .02 it

= (= | For better understanding:
<=zl | Press F9 and you can admire the feeding of the Helix
el || @ntenna.

4
3
&
=

The left end of the first segment is connected to
ground and the voltage source is applied to the
centre of this segment.

R Lﬂ
o z
2
2

H
by
‘

Il o
2=l g
ol
G|lo|g
S1& 5
|«

Startpoint of Helix
is grounded

Quality
Antennrv:l i
Feedpoint FPS s

[ 6266

10.4. Frequency Sweep of Gain and Impedance

% Imp. / SWR / Gain (F5) MW=l A sweep of the gain from1500 to

Show  Yiew Plat 1800MHz shows very clear the
Totgain; Thete= 0, Phi= 0 helix_calc_02.out promised wide band properties of
20 a Helix antenna.

18
18
14 The gain starts at 9.2dBi for
12 1500MHz and rises up to 10dBi at
10 1800MHz.
]
g
1500 1520 1540 1560 1580 1600 1620 1640 1660 1630 1700 1720 1740 1760 1780 18004Hz
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= Imp. / SWR / Gain (F5)

B(=E3

Show  Wiew Flot

And also the input resistance (= radiation

R [ahm)
100
20

® Input resist

resistance =

s “bm | resistance) has a constant value of 100Q in this
r= | frequency range.

ance = radiation g
100 Ohms £

-100
1600 1520 1540 1660 16B0 1600 1620 1640 16RO 1680 1700 1720 1740 1760 1780 1B004Hz

Z [ahm]
1000
a0

E00

500
400
300

200

1 - ____ ____ ___ _____________________ K
1500 1520 1540 1560 1580 1600 1620 1640 1EE0 1680 1700 1720 1740 1760 1780 18004Hz

10.5. And now the same once more, but with the Notepad-Editor

This is faster but needs s

I helix_calc_01 - Editor,

ome effort. Every line of the NEC file will be analyzed with its task and function:

Datei EBearbeiten  Format  Ansicht

7

M Helix ower perfect ground
M Helix starts at ground
M Excitation at first segment of heldix

Comments
End of Comments “CM” is always a comment card,

E but the end of the comments must
GH 1 120 0.04684 0.2342 0.02982 0.02982 0.02082 0.02982 .001 be marked by “CE”.

GE 1

aN 1

EK

Ex o 1 1 o 1. o

FR o o o o 1600. O

EN

I helix_calc_01 - Editor

CEX

Datei Bearbeiten Format  Ansicht 7
Y1 radius . ~
(bottom) :f‘i;?d'“s The “GH* card (=
: eometry of helix
X1 radius Y2 radius gescribe)é the )
{bottom) {top} complete helix
structure (see the left
illustration.
GH 0 04884 0. 2342 0,02982 0,02982 0.02982 0. 02982 L 001
Total length lius of
Pitch (= spacing between windings)
120 segments -
Tag 1
GH card = geometry of helix
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