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A 40 meter Delta Loop Antenna at 40 ft. elevation, Average Ground
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Here in FN24L.Q, the 20 | =
and 30 Meter CW Bands are j. e
Wide Open in Late August! g

But the guys back in Jersey
want me to do atalk on =
Antenna Simulations.......

Oh Well...




What is an Antenna? It is a Transducer that converts Electrical
signals into electromagnetic waves.
When it comes to Antennas, no design does it all. Just various
designs to solve various needs. You choose based on your needs.
All Functional Antennas interact with their environment. Grounds,
nearby objects affect VSWR, Patterns- and more.

Why Do Antenna Simulations??

To better predict what we may expect from the antenna before
building it. It is much easier to do than perform accurate antenna

range tests.

To better understand Antenna <> Environment Interactions.
Hams need antennas, no matter what band or mode you operate!

There is an old amateur radio saying:
"a dime in the antenna is worth a dollar in the transmitter any day”



What is 4nec2 ?
4Nec? is an antenna modeling program that uses the NEC
(Numerical Electromagnetics Code).

The NEC was created at Lawrence Livermore National Laboratory.

Arie Voors, PA2B created 4nec2 as the GUI or “Wrapper” to allow the
maximum use of the NEC in an easy-to-use environment. This effort
took nearly 20 years.

What can 4nec2 do?
After entering Antenna Geometry, the program:
calculates the Antenna Patterns
calculates VSWR, Return Loss, displays Smith Chart
calculates Radiation Efficiency, Average Gain Test, more



4nec2 can take into account:
Wire “Copper” Losses
Wire Insulation
Traps, Loads, Transmission Lines, Two-Port Networks
Single and Multiple Feed Points (multi-bay arrays, etc)
(each source or generator has two terminals)
Height above Ground

Ground Losses for various ground types
and lots more...

4nec2 can Optimize Antennas !

4nec? interfaces with VOACAP propagation models to show
coverage.



How does 4nec2 do this??
Basically by breaking the antenna wires into smaller
“segments” like little dipoles...
Then the current in each segment is calculated..
Then the Electromagnetic Field is summed up from all
these segments...
This generates the antenna patterns.
The math technique is “The Method of Moments”

The Price Is Right! Download free at https://www.gsl.net/4nec2/

Many YouTube Videos and Third-Party Documents available.

This program is a Windows executable,
Runs great on Linux with Wine.
Or on Mac with Parallels, etc


https://www.qsl.net/4nec2/

Our Focus is on Simulation of basic antennas, mainly 40 meters,
multiband and 2 meters. We will look at antennas that are basic, easy-
to-build antennas. It is not intended to compare one antenna against
another, but this helps understand antenna simulations. Also the matter
of feedlines will come up in the discussion, as these are part of any
antenna system.

There is No Way we can cover all the capabilities of 4nec2!

This program has virtually all of the capabilities one would need
for antenna simulation.

These are simulations, not real, measured data but the NEC model
used here has been the industry standard.

There are many YouTube videos, PDF’s etc available for 4nec2.

We will start with some “prepared” basic designs, and depending
upon available time, we can modify and simulate these antennas
“live” as we go. This will require several sessions.



So, what do we need to do??

The Basic Steps needed for each antenna simulation:

Entering the antenna model into the Editor
NEC Editor (new) or the Geometry Editor

Set up and Run the Simulation

Display Impedance, VSWR , Radiation Efficiency, AGT
Display Geometry and Patterns

Interpret The Results!

So, Let’s do some Antenna Modeling!



Example Antennas:

Filenames:

40 Meter Dipole, Free Space

#1_40M_Dipole_FS.nec

40 Meter Dipole, Free Space, Ins

#1_40M_Dipole_FS_Ins.nec

40 Meter Dipole Horiz. above Ground

#2_40M_Dipole_Horiz.nec

40 Meter Dipole Horiz, Ins. above
Ground

#2_40M_Dipole_Horiz_Ins.nec

40 Meter Dipole Vertical above Ground

#3_40M_Dipole_Vertical.nec

40 Meter Ground Plane above Ground

#4 40M_Ground Plane.nec

AK2F Delta “Loop Skywalker”

#5_AKZ2F_Loop_1.nec

Cage Antenna, two conductor

#6_Cage_Antenna_2.nec

Cage Antenna, four conductor

#/7_Cage_Antenna_4.nec

N2XP End-Fed

#8_N2XP_EFHW.nec

© olglolul~lw

2 Meter 2-Bay Folded Dipoles

#9 2M_Folded_Dipole_2.nec

Some, but not all of the above models have been built and used to some
extent, but none rigorously tested. These are 4nec2 simulations only.




#1 Dipole in Free Space (FS) (40 Meters)
File Name: #1_40M_Dipole_FS.nec Wire:0.080” Ideal Conductor. Zc=50 Q

#1 40 Meter Dipole FS
/

Feedpoint
(Source)




#1 Dipole in Free Space FS 40 Meters (continued)
A simple loss-less dipole, no ground effect, no losses (yet). This is the most

basic antenna configuration, but very efficient, as we will see.

7.1 MHz

(F3)

Geometry

Show  Wiew Walidate Currents Ear-field [ear-field  wire  Plok
#1_40M_Dipole_F5_out

Tot-gain

i

Phi : 295

10 mtr

Axis -

Theta : 51




BASIC STEPS:
1) Main Window (F2):

This is the window that
opens when you first launch
4nec?2.

It displays some of the
simulation data, if
available.

You set the driving point
impedance here (509,
30092, 4509 etc)

Main window allows you to
generate simulations by
clicking the icons on top.

il Main [Vv5.9.3] (F2)

File Edit 3Settings Calculate ‘Window Show  Eun Help

= R e s S
Filename | #1_40M_Dipale_FS.aut Frequency 71 Mhz
' avelength 4223

Yoltage | 7.7 +j0Y Current 114-j0224

Impedance 741 +]14.4 Sefies comp. 1558 pF
Parallel form 76944 3% Farallel camp. BE.62 pF
S F.50 158 Input power 100 i
Efficierzy 100 Structure logz i L
F adiat-eff. [T Metmorl; lozs i L
ROF [dB] 215 R adiat-power 100 i
E rviranment [ Loads

FREE SPACE

Comment

Seq's/patches
Pattern lines

Freg/Eval steps

Calculation time

#1 Dipole, 40 Meters, Free Space

a1

5329

0.040

start  ztop  count  step

Theta | 180 | 180

5

Phi 0 3a0

]




2) Edit Window (F6).
This is where the most of your model data goes, and where your antenna is
defined in its environment. There are several Edit Window choices, that can
be selected from the Main Window>>Settings.
NEC Editor (new). This is the one that I use because all the details can be
entered here. This is a powerful tool for creating antenna models. The
different tabs (Symbols, Geometry, etc) contain all your model data. As you
enter data, you can better visualize what you are doing when after you save
the Edit window (floppy icon), then click on the Geometry Window (F3).
This Symbols Tab is where we define variables, which can be used in
multiple places in a model, saving time and effort. Items like wire sizes ,etc.

& #1 40M Dipole FS.nec - 4nec2 Edit

File Cell Rows Selection Options

Symbols! 1

[GFeometry

T Source/Load

1

Freq./Ground

1

Otherz

Mupd ns| Det| @I |

T Comment

Symbols

Mr | Sumbalz and equations

| cornmenk

1 |OLen=34

{

Half Dipale Lenathfft]

Scaling

™ Meters & Fest ¢ Inch e

lenght

= Custorn Factor IU.3E|48




Next, the Geometry Tab, where you enter Wire info. Define a Tag number,
Enter number of segments for this wire, dimensions in X1,Y1,Z1 and
X2,Y2,72 Cartesian coordinates, and the wire radius/gauge.

& #1 40M Dipole FS.nec - 4nec2 Edit

File Cel Rows 3Selection Options

[ FUpd ns| Det| @ IE]

Symbals T ! Geomeln T Source/Load 1 Freq./Ground 1 Others 1 Carnment
Geometry [Scaling=Feet | [~ Usze wire tapering
Mr|Tupe | Tag|  Segs| 1] 1] z1] 2| v2| z2| R adius| |
1 |'wire 1 21 -Clen 0 1] [len 1] 1] (004012
2
3

)

The Source/L.oad Tab is where we define the feedpoint(s). This is done by

entering which tab and the segment that the feedpoint is located at.
& #1 40M Dipole FS.nec - 4nec2 Edit

File Cell Rows 3Selection Options

[ Fupd ns| Det| B I

Symbolz 1 [5eommetny 1 S ource/Load: T Freq./Ground 1 Others T Carnment
Sourcels] ¥ Show source [ Show loads [ Show Trline
Hr | Type | Tag| Seg| [u:upt]| Real| Imag| Magn| F'hase| [nu:urm]| ||:|:umment
1 |Voltage-src 1 11 1] 1.0 1] 1 1] 1]

2




The Freq/Ground Tab is where the default frequency is entered and what
ground conditions are present in the environment, unless it is in free-space.

& #1 40M_Dipole_FS.nec - 4nec2 Edit

File Cel Rows Selection Options

ISelect antenna environment / ground approsimation

Cupd ool 02| @

Symbiolz 1 Geometry 1

Source/Load

|

~Frequency

Frequency IT".1 Mhz
Mr steps I ™ Sweep
Stepsize I

Freq./Ground T

Others

1 Comment

rGround| screen

Plr of radialz I
Radial length I ke
‘wire radius I mm

~ Environment

Ground 4
Free-zspace

I™ | Connect wire(s] for 2=0 to ground

M ain, ground

Ground type IMDderate

Conductivity ||j_|:||:|3
Diel conztant Iq

I~ Uze ground-screen

™| Uze second ground

rSecond ground

Ground type I

Conductivity I—
Digl constart I—
I_ il
I— rtr

' Cirpulan bowrdary

Distance

Depth

€ Perpendiculan bo r-axis




The “Others” tab is normally just set to allow use of the Extended Kernel.

& #1_40M _Dipole_FS.nec - 4nec2 Edit

File Cell Rows 3Selection Options

|Select antenna environment / ground approsimation [T Upd  ne I DE|.I M
Suymbols T Geometry 1 Source/Load 1 Freq./Ground 1 Others! 1 Caomment

—Fat wire support

[ Usze Extended Kemel

— Read write geometry

[~ READ geometry file File-
[~ WRITE geometry file 9™

Coupling calculation Interaction range

Uze approximation when segment
dizgtances above ..

Tag-1 I Tag-2 I
- - I W avelengths
Seq- I— Seqgl I—

[ Perform max coupling caloulations

Last on the Edit Window is “Comment”
& #1 40M Dipole FS.nec - 4nec2 Edit

File Cell PRows Selection Cptions

|Select antenna environment ¢ ground approsimation [T Upd ;e I DE|.I El
L’

Surnbols T Geormetny T Source/Load T Freg./Ground T Others T Comment:

#1 Dipole, 40 Meters, Free Space




Alternately, the Geometry Edit. This may be better to help visualize the
antenna you are creating if you elect to use it instead of the previous editor,
NEC Editor (new) The Geometry Edit may be initially simpler, but as more
wires (elements) are added, it can get crowded and more difficult to read.

At this pOiH’[, 4 #1_40M Dipole_FS.nec - Geometry Edit

File ©ptions Edit Create  Show Nec  Segmeinfo

zfter.your (o szlvelwe] sl % ool [7 ©1%| ] ]l o] mief e mi gl

ata is a1
entered you 6id o |
can press the = e
“Calculator St | o
Icon” found ] s
on either [ T2
Editor or (my wie 4] ]
preference) )
the Main
Window.




Hints and Kinks:

1) Starting at the Main Menu, it is best to check your various settings!
Settings>>Char-Impedance. Your old values you used previously may be
still in there. Verify if you want 50Q, 300€2, 450X or whatever.
Settings>>NEC Editor (new) or Settings>>Geometry edit select the
editor you want to use.

Settings>>Auto Segmentation. Checking this makes the program assign
a number of segments per halfwave. You may want more or less, or as I
do instead, define the number of segments in the editor.

There are other settings that should be verified.

2) Be careful entering data into the editor, especially the Geometry Tab.

Sometimes extraneous entries may appear, resulting in an error or

unexpected results. Did you click the mouse in a row or column where it

should not have been, or add a wire with no coordinates?

3) After you define the antenna in whichever Editor you use, I recommend

saving the editor data by clicking the “Floppy” icon, then close the Edit

Window. You should do this before running the simulation.

4) Antenna Gain: dBi (isotropic) = dBd (dipole) +2.14. This is in free space

conditions, not over ground. 4nec2 uses dBi, so keep this in mind.



After you click on the “Calculator Icon” this window pops up:

| Generate (F7) [Nec2dXS1k5] X

1| © Use original file

& Far Field patterr: Freq ;|?.1 vI

= Frequency sweep _
= Mear Field pattemn I from file

¢~ IteHF 360 degree Gain table
" IteHF Gain & 30 frequencies

|i.'T Full € el € Hoar.

Rezal |5 de,
[T Surface-wave Run Average
[Fain Test
[ E-fld distance
E xpert zettings I

Generate | Batch | E xit |

And after adjusting the simulation settings, Freq, etc you can click on
“Generate” which starts simulation. A “Status” window briefly pops up.

usage Running geometry validation. _.
FROODDOD146 0

FEO41 00144 0.1
RPO3711000-2005

e r Converting 2M_TAGI_5x2_0WA_2.NEC to 2M_TYAGI_.inp

79 %

Abort |




And some Results of #1_40M_Dipole_FS.nec

SWR 1.58:1 in
50Q system.
Radiation
efficiency
>99.9%,
+2.15dB gain
over isotropic or
dBi.

Typical Dipole in |

Fil=  Edit Settings Calculate Window  Show  Run Help
=8| | B[] 5] @S] %] [HEl~] @
Fileriame I #1_40M_Dipole_F¢ Frequency ] Mhz
wavelength 3795 mibr

Woltage | BT +j0W Curren t [ 115-jo018aA
Impedance 7aE+j11.8 Series comp. 1705 pF
Parallel farm 756 /472 Parallel zomp. 42 68 pF
S R.E0 1.54 Input powveer 100 e
Efficiency 100 5 Structure loss 1] L
R adiat-eff 00 a5 % M etwork: lozs 1] L
RDF [dE] 215 R adiat-power 100 it
E revirorirnen t I Loads I Polar

FREE SPACE

Cormrmet t

H#1 Dipole, 40 Meters, Free
0.080" Diameter |deal Wwire

Space

Show  Far field [Hear figeld  Compare
Tot-gain [dBi]

Transfer FFtab Plot

15
F.9MHz

Free-Space (FS)
Pattern.

Ideal Free Space {™

conditions with
ideal (perfect)
wire.

AEM
H1_40M_Dipole_FS.out

Phi= 0 165

999 ¢ dBi < 215
Ag0 155 Max gain The:180

can now be viewed:

Show  Miew Malidate Currents  Ear-field [ear-field  Seam.  Plok
#1_40M_Dipole_F5_out

Tot-gain

et

AL AT e

7.9 fMhz

AHisl 5 mikr

Theta FPhi

[54 [307

FPS  Ti's
[e1 6144




On the Generate Window (F7), if we opt for a frequency sweep of 7 to 30
MHZ we can get Line charts (F5), with VSWR data:

Show  Miew YT source  Plak

15546;5 37 8 MH3

400
200
100

40

¥ 9 1 13 15 17 19 | 23 25 27 22 MHz

You see our dipole #1_40M_Dipole_FS.nec resonates at 7.8 MHz.



Let’s take our #1_40M_Dipole_FS.nec, change the file name to
#1_40M_Dipole_FS_Ins.nec, modify it by including an PVC jacket on the
wires. We will put 0.032” PVC(soft) on it. The resonate frequency drops
from~7.8 to ~7.4 MHz for an approx 5.1 % drop in the frequency. Dielectric
loading of the wire. These free space dipoles show >99.9% efficiency.

% /Gain/SWR/Impedance (F5)

Show  MWiew )T source  Plak

SwhT |
'IEIEI?'4 MH3

400
200
100

40

i 9 1 13 15 17 19 | 23 24 27 29 MHz

Problem is, these are ideal antennas. But for the remainder of this paper
let’s model above Real Ground, with copper (unless otherwise noted). This
is like what we actually have as amateurs.



#2 Horizontal Dipole above ground
#2_40M_Dipole_Horiz.nec Z.c=50Q

#2 40 Meter Dipole
Above Ground

-QlLen= Z QlLen=
-30.5' A +30.5'
| |
Hgt=68' Feedpoint
(Source)

>X




#2 Horizontal Dipole above ground (continued)
Model: 68 ft above Real, Average ground, 0.080”dia copper wire.
Note: Height is A/2, Radiation efficiency still good at ~75%. Less height A/4

reduces the efficiency only slightly, but the radiation angle goes up.
T ™aEiA VSS:ST(F2) = []X] (& Geometry (F3)

File Edit Settings Calculate  Window  Show  Run Help Show  Wiew Validate Currents Far-field [Near-field  Segm,  Plot

@ i- 3D ﬁ @ﬂ‘ (=) Wy E fof @ #2_40M_Dipole_Horiz. out T ot-gain 7.1 MHz

Filenarme: | #2_40M_Dipole_H Frequency 71 Mhz
W avelength 4223 mir
Waltage | 2334500 Current I 043+]1.324
Impedance B1.6-j159 Sefies comp. 356 uH
Parallel form | 542 2/ -j176 Parallel comp. 3.94 uH
Sw R A0 1.7 [npLt povwer 100 i
Efficiency 9315 oS Structure lozs 1.847 i
R adiat-ff. 7R.03 X retwork; loss 0 N
RIOF [dB] a R R adiat-power 2215 i
E rironment [ Loads [ Falar
GROUMD PLAME SPECIFIED. -
WHERE “wWIRE EMDS TOUCH GROUND, CUREEMT “wILL BE IMTE
FIMITE GROUMD. SOMMERFELD SOLUTION
RELATIVE DIELECTRIC COMST.=12.000 LI
Comrnert

#2 Harizantal Dipole at 68 ft Hat,
Copper 0.080" Wire Diameter, Mo Inzs

Seg's/patches [ 31 start  stop  count  step

Fattern lines B Theta | 90 E KT A

Freq/Ewval steps 1 Phi 1] w0 | 72 5

Calculation tirme 0.0s0 = Theta : 63 Axiz - 10 mir Phi - 39




#2 Horizontal Dipole above ground (continued) The Antenna Pattern
looks as expected. Horizontal plane in red. Vertical plane in blue.

i3 Pattern (F4) ]
Showe  Ear field [Jear field Compare  Transfer FFhab  Plok

Gain is N736dB1 at Tot-gain [dBi] 0z Vertical plane
-15 N 15

30 degrees above horizon.

This is the usual that we
will see at A/2 at 7 MHz,
approx 68 ft.

Har plane 150 21 < dBi< 7.3
Wer plane 65 165 S99 0 dBi < Y36
Theta=60, Phi=90 -180 Max gain The:6D




#2_40M_Dipole_Horiz.nec Resonate Frequency ~7.9 MHz, bare wire:

Show  Miew T source  Plok

SN T

400
200
100

40
20

134766

7 9 1 13 15 17 19 21 23 25 27 28 MHz

#2_40M_Dipole_Horiz_Ins.. Let’s apply a 0.032” thick PVC (soft) jacket. A
drop from 7.9MHz to 7.4MHz, about 5.1%

Show  Wiew YT source  Plak

155*5’?.5MH]
400
200
100
40
20
10
4
2 \1.24504
1 Lt
7 9 11 13 15 17 19 21 23 25 27 29 MHz



#3 40 Meter Dipole Vertical above Ground
#3_40M_Dipole_Vertical.nec =~ Wire: AWG#12 Copper. Zc=50

#3 40 Meter Z
Dipole Vertical )
34 x 2=68'
~—~——__Feedpoint
Y (Source)

Low=6' ¢ / _ X

Y




#3 40 Meter Dipole Vertical above Ground (Continued)
This antenna has the property of low radiation angle, but due to ground
losses, the radiation efficiency is only ~22%. Still, gain is +0.14dBi at 15°
above horizon, omnidirectional.

w_ﬁlﬂll X] @l Geometry (F3) | [=)(E3

File Edit Settings Calculate Window  Show  Bun Help Show View Yalidate Currents Far-field [ear-field  Segm. Flat
i : #3_40M_Dipole_Vertical.out Tot-gain 7.1 MHz
Filename | #3_40M_Dipale_te Frequency 71 thz
favelenoth 42273 mkr
Yoltage L Current | 1.02-j0054
Impedance BE.2+ (428 Series comp. [ 5241 | pF
Parallel form | 86,4 241742 Parallel comp. | 12,87 pF
S .50 173 Input power [~ o0
Efficiency EELTE Stuctue loss [ g o
Radiateff. [ z2mr3 % Metwork loss [ o0 u
RDF [dE] &8l Radiat-power [ o0
E rwiranirnest [ Loads [ Palar i
GROUMD PLAME SPECIFIED. I-—:|
WHERE 'WIRE ERDS TOUCH GROUMD, CURREMT 'wILL BE IMTE
FIMITE GROUMD. SOMMERFELD SOLUJTIOMN
FELATIE DIELECTRIC COMST.=13.000 ;I
Cornmment
#3 Vertical Dipole at Vanous Heights

Seg's/patches [ 21 gtart  gtop  count  step

Pattern lines [ 16471 | Theta[ a0 [a0 [ 91 2

Freq/Ewal steps 1 Fhi 1] 260 | 151 2

Calculation time [ 0240 = Theta : 57 Axis - 10 mir Phi : 242




#3 40 Meter Dipole Vertical above Ground (Continued)

I Pattern

Show FarField [ear field  Compare  Transfer FFtab  Plot

Tot-gain [dBi]

Haor plane 014 < dBi< 014

Wer plane 65 185 999 dBi< 014
Theta=72, Phi=0 180 Max gain The:72




#4 40 Meter Ground Plane above ground #4_40M_Ground_Plane.nec
Wire: Driven Element :AWG#8 Radials: AWG#12. Zc=50Q

#4 40 Meter Z All elements=34'

Ground Plane Radials elevated 1'
above Ground

Feedpoint
(Source)
\ 1' above
[ / | —
7 }XGround

Y



#4 40 Meter Ground Plane above ground (Continued)

i main [v5.9.3] (F2)

File Edit Settings Calculate Window Show Run  Help

@ T @ 50| e B S| G |

Filename | 44 40M_Ground_Flare.out Frequency 7.1 Mhz

' avelength 4223 ke
Valtage | 61.3+j 0V Current | 163+j0.24
Impedance 71 -j4.47 Seriex comp. i1 uH
Parallel farm 761312 Parallel comp. 7 LH
S R.A0 137 InpLt power 100 i
Efficiency 100 % Shucture loss 0 LS
R adiat-eff. EERE] % Metwarl lozs 0 L
RDF [dB] 516 R adiat-power 100 i
E rvironment [~ Loads I Polar

GROUND PL&AME SPECIFIED.

FIMITE GROUND. SOMMERFELD SOLUTION

RELATIWE DIELECTRIC COMST.=13.000

COMDUCTIVITY'= 5 .000E-03 MHOS METER

COMPLE® DIELECTRIC COMSTAMT = 1.30000E +01-1.265692E +01

Comment

wHERE WIRE ENDS TOUCH GROUMD, CURRENT WILL BE INTERFOLATED TO IMAGE IM GROUMD PLANE

#4 40M Ground Plane at Warious Heights

Seq's/patches 155 start  stop  count  step
Pattern lines 27 Theta | .20 ,T I? ’T
Freq/Ewval steps 1 Phi 0 60 I? ’T
Calculation time 0.240 3

Show Yiew Validate Currents Far-field [ear-field Segm. Flot
#4_40M_Ground_Plane._out Tot-gain

Theta : 68 Axis 1 10 mbr

7.1 MHz

Phi : 242

This ground plane has slightly better radiation efficiency at ~28%, lowish
radiation angle. Omnidirectional Gain is low ~ -0.4dBi at 30° above horizon.
Better ground conditions such as salt water improves gain and efficiency.



il Pattern (F4

Showe  Ear field [ear field Compare  Transfer FFeab  Plak
Tot-gain [dBi] 0z Yertical plane
15 15
7.1 MHz a0 a0
-45 45
-a0 ]
-5 7h
-4
a0 : - a0

#4 40 Meter Ground Plane above ground (Continued)

—IX]|

105

Har plane
Wer plane 185
Theta=-65, Phi=0

165

-180

105

0.4 < dBi<-0.4
999 ¢ dBi ¢ -0.4
Max gain The: 65




#5 AK2F Delta “Loop Skywalker”  #5_AK2F_lLoop_1.nec
Wire: AWG#18 Copper. Zc=450Q

A

#5 AK2F K
eedpoin
40 M Loop (Gairce)
/
o
Y. > 5
40' above

Ground



#5 AK2F Delta “Loop Skywalker”(Continued)

(main [vs.9.31 (F2) L [RX ) Geometry (F3) Q=

Fie Edit Settings Calculste  Window  Show  Run Help Show  Wiew Walidate Currents Far-field Hear-field Seqgm.  Plok

E v @ 50| &5 Bl =) el (1B = ) #5_AK2F_Loop_1.out Tot-gain 7.1 MHz

Filename | #5_AK2F_Laop_1.out Frequency 71 Mhz
"W avelength 42,23 ke

Yaoltage | 145158V Current | 674 + )0 md
Impedance 220 -] 234 Series comp. 5.251 uH
Parallel farm 469 A -] 442 Parallel comp. 9898 uH
5w R 450 272 Input power 100 W
Efficiency 100 % Structure loss 0 Lk
R adiat-eff. 777 % Metwork loss 267 Lk
RDF [dE] [T R adiat-power 100 L
Erwiranment [~ Loads [ Palar

GROUND PLAME SPECIFIED.

WHERE WIRE EMDS TOUCH GROUND, CURREMT “w/ILL BE INTERFOLATED TO IMAGE IN GROUMND PLANE
FINITE GROUMD. SOMMERFELD SOLUTION

RELATIVE DIELECTRIC COMST.=13.000

COMDUCTIVITY=5000E-03 MHOS/METER

COMPLEX DIELECTRIC COMSTANT=1.30000E +01-1. 26592E+01

Comment
Ak 2F Haorizontal Delta Loop_ 40 FT

Seq's/patches 64 start  stop  count  step
Fattern lines 2701 Theta | -an an a7 [
Freq/Ewval steps 1 Phi 0 0 | 73 5
Calculation tirme 0120 z

Theta : 65 Axiz : 20 mbr Phi : 225

This delta loop shown here at 40° height has radiation efficiency~77.7%,
gain +4.95dBi at 30° above horizon. Raise it to just 50’ and radiation
efficiency goes up to 80%, gain up to +6.19dBi. Got Three Tall Trees?




i3 Pattern (F4)

#5 AK2F Delta “Loop Skywalker”(Continued)

-105

Har plane
Wer plane 165
Theta=35, Phi=125

165

-180

Show  EarField [ear field Compare  Transfer FFtab  Plok
Tot-gain [dBi] 0z Yertical plane
-15 15
71 MH
: 30 30
-45 45
-al @l
1 2% u:IE
haEd
-5 7h
-3
I = ::\\
-0 -__y a0

105

083« dei< 548
299 ¢ dBi < B B9
Max gain The:45




#5 AKZF Delta “Loop Skywalker”(Continued)

Tired of 40 meters? This is a good Multiband Antenna. This is shown at 40’
height. Not many simple antennas can do this. From this simulation, it
appears some effective matching can be had when fed with 4502 Ladder
Line and a tuner at the shack. This is only a simulation---your results may

vary .

| B /Gain/SWR/Impedance (F5)

Show  Miew YT source  Plok

1| 5wWR (450
100 7.1 MH3

1| &0
]| 40

|| 20

J| 10

! 27163

6 8 10 12 14 16 18 20 22 24 26 28 30 MHz



#5 AKZF Delta “Loop Skywalker”(Continued)

What to expect in terms of Line Loss driving this antenna??

Calculated Values:

Freq [MHz] Loss in [dB/100 ft] VSWR Total Loss with
450 Q Matched* VSWR* [dB]
7.1 0.141 2.7:1 0.212
10.1 0.17 5.46:1 0.466
14.1 0.203 2.17:1 0.264
18.1 0.233 1.54:1 0.255
21.2 0.254 2.23:1 0.336
24.9 0.277 1.67:1 0.313
28.5 0.297 2.73:1 0.446

* Wireman #551 (AWG#18) 100 ft 450 2 Ladder Line matched in the
Shack with a Balanced Tuner. From KV5R Website’s data and

calculator.

https.//kv5r.com/ham-radio/coax-loss-calculator/



https://kv5r.com/ham-radio/coax-loss-calculator/

#6 & #7 Cage Antennas (a.k.a. Bowtie, Biconical,Fan, Fat Dipole, etc)
My inspiration for this antenna came from the USCG Chesapeake in
Baltimore Harbor, but others exist. Some are well-known/notorious/huge!

Harbor Bridge Walk .

Va

yland




#6 Cage Antenna Two Conductor #6_Cage_Antenna_2.nec
Wire: AWG#16 Copper. Zc=300 or 450Q2 (Results shown for both)

#6 2-Wire Cage Dipole

| 2 51l

ZA/

Feedpoint (Source)

s 34"
Hgt=68'

-30'
-0.5°
-34"
Values (Initial)
In Feet
Dimensions

reasonably flexible

// Above Ground



#6 Cage Antenna Two Conductor #6_Cage_Antenna_2.nec
We set the source impedance to 45082, and use it with ladder line that can be
tuned with a balanced antenna tuner at the shack.
[HMain 1V5.9.51 (F2) " _0|[X [l Geometry (F3) | B5(=][E3

File Edit Settings Caloulate  Window  Show  Run Help Show Yiew Validate Currents Far-field [ear-field  Segm.  Plat
i ##6 Cage_Dipole_2.out Tot-gain 7.1 MH=z

Filename | #6 Cage_Dipale_2. Frequency 71 hz
W gvelength 42273 mitr

Woltage | 9mE+jOv Current | 1.01-j0584

Impedance TiZ2+i41.8 Series comp. B3 pF

Parallel farm 97.1 /4170 Parallel comp. | 1318 pF

S wi R 450 B2 [nput poyer 100 i

Efficiency ag A Structure lozs 4 703 i

R adiat-zff. 7175 % M etwark lozs 0 Lin

ROF [dE] o &5 R adiat-power a5, 2 i

Enviranment [~ Loads [ Palar

GROUMD PLAME SPECIFIED. -

wWHERE wIRE EMDS TOUCH GROUMD, CURREMT %WILL BE IMTE

FIMITE GROUMD. SOMMERFELD SOLUTION p T

RELATIVE DIELECTRIC COMST.= 13.000 ;I '#Eifi‘%;;;‘ﬂ"
o

Cormet éﬁﬁtm

H6 Cage_Dipole. 2 e

AwEH1G G EEE;—.—;-,

2 It Spreader B adius g_—éﬁgﬁ

Hat=68 FT e w

Seqg'z/patches 217 zstart  zstop  count  step

Fatterm lines 2701 Theta | o0 | 20 a7 5

Freq/Eval steps 1 Phi 0 20 | 73 5

Caleulationtime | 0320 s Theta : 58 Axis - 10 mbr Phi - 302




#6 Cage Antenna Two Conductor (Continued).

i Pattern (F4) — 1]
The Wire iS lighter_ Show  FEarfield [ear field Compare  Transfer FFtab  Plok

weight AWG#16 with 4’
spreaders. At 7.1 MHz
we have >74%
radiation efficiency.

At 50’ elevation, the
gain is 7.39 dBi at ~30°
above horizon. '

Hor plane : 150 24 < di < 7.2

Wer plane 66 165 999 ¢ dRi ¢ 739
Theta=60, Phi=90 -180 Max gain The-60




#6 Cage Antenna Two Conductor (Continued). This can be used as a

Broadband antenna for 40M-10M (even 6M) inclusive, with a good
balanced tuner, especially if good quality ladder line transmission lines are
used, to keep loss low. Source Impedance: Top: 450 2, Bottom: 300€2

SR (450 ahm) #t6 Cage_Dipole_2.out
10

3
B
]
4
3
2

1

7

\_/_\__

9 1 13 15 17 19 21 23 28 27 29 MHz

2
&
5
4
3

2

SR (300 ohim) #t6 Cage_Dipole_2_out
10

7 9 11 13 15 17 19 21 23 25 27 29 MHz




#6 Cage Antenna Two Conductor #6_Cage_Antenna_2.nec
Fed with 45082 or 300L, Ladder Line [1]. A Good Balanced Antenna Tuner
is recommended, ex: Johnson Matchbox. Simulated & calculated values:

Freq 450€2 Ladder Line [1] 30022 Ladder Line [1]
MHz | Matched = VSWR | Total Matched = VSWR | Total
[dB/100’] [2] Loss[dB] §| [dB/100’] [2] Loss[dB]

7.1 0.141 6.19:1 0.427 0.36 4.18:1 0.74
10.1 0.17 4.40:1 0.239 0.44 5.75:1 1.16
14.1 0.203 5.04:1 0.506 0.52 7.5:1 1.65
18.1 0.233 6.37:1 0.706 0.59 6.5:1 1.63
21.1 0.253 4.47:1 0.546 0.64 3.04:1 0.96
24.9 0.277 3.25:1 0.476 0.68 4.41:1 1.32
28.1 0.297 3.35:1 0.519 0.71 4.99:1 1.56
50.1 0.411 3.75:1 0.773 0.89 3.21:1 1.40

Notes:

1. Data from: 450 Q Wireman #551 ; 300 Q DXE-LL300

2. VSWR with this Cage Antenna.




#7 Cage Antenna Four Conductor #7_Cage_Antenna_4.nec
Wire: AWG#16 Copper. Zc=300 or 4502 (Results shown for both)

#7 4-Wire Cage Dipole

Y

ZA/

Feedpoint (Source)

Ear
2-5 30I

0-5l 0 34I

Y C——|—D

>X

| 251
-30" ,
S
-34'
Values (Initial)
In Feet
Dimensions

reasonably flexible

Hgt=68"' Above Ground

- 3' @ -
Spreaders




#7 Cage Antenna Four Conductor (Continued).
The wire is also a lighter-weight AWG#16 but with 3’ spreaders. At 7.1 MHz
we have >85% radiation efficiency. The gain is >7.9 dBi at 30° elevation.

" Main [VS.8.51(F2)" L JH]X & Geometry (F3)

Help

Fil= Edit Settings Calculake Window  Show  Run

Filenarne | #7 CAGE_DIPOLE Frequency 71 Mhz

W avelength 4223 mkr
Yoltage | Ze8+j0v Current | 115-j0514
Impedance 62.8 +j 28 Series comp. o1z pF
Parallel form 7R3 169 Farallel comp. 1225 pF
5w R 450 719 Input povwer 100 i
Efficiency a7 14 % Structure losz 2 0 iy
Radiat-eff. o5 78 % MHebwarl: losz 0 Lit
RDF [dE] g ad F adiat-power a7 14 i
E rivironrment [ Loads [ Polar

GROUND PLAME SPECIFIED.

FIMITE GROUMD. SOMMERFELD SOLUTIOR
RELATIVE DIELECTRIC COMST.=13.000

"wHERE "WIRE EMDS TOUCH GROUMND, CURREMT *wILL BE INTE!:I

Comment

#7 Cage_Dipole_4

Aw/GH1A

1.5 ft Spreader R adiuz

68 Ft Over Beal/dverage

Seg's/patches 429 gtart  stop  count  step
Pattern lines 270 Theta| -a] an a7 ]
Freq/Ewal steps 1 Fhi 1] 380 | 73 a]
Calzulation time 020 =

Show  Wiew Validate Currents  Ear-field Fear-field  Segm.  Plok
#7 CAGE_DIPOLE_4. out Tot-gain

Theta : 66

oA,
1-5

L
ey
e
=
o

(50

7
e
i

N

/|
Ith

Axiz - 10 mtr

7.1 MHz

Phi : 297




#7 Cage Antenna Four Conductor (Continued).
The gain is ~7.9 dBi at 30° above horizon.

Hor plane ’ 1.8 < dBi ¢ 797
Wer plane 65 165 899 < dBi < 7.97
Theta=60, Phi=90 -180 Max gain The: 60




#7 Cage Antenna Four Conductor (Continued). This can be also used
as a Broadband antenna for 40M-10M (even 6M) inclusive, with a good
balanced tuner, especially if good quality ladder line transmission lines are
used, to keep loss low. Source Impedance: Top: 450 2, Bottom: 30082

Show  Wiew Y[ =source  Plok

SR (450 ohm) #7 Cage_Dipole_4_out
10

8
B
5
4
3

2

13 15 17 19 21 23 25 27 29 MHz

g8
B
5
Fl
3

2

SR (300 ohirn)
10

#¥ Cage_Dipole_4.out

1A 13 15 17 | 23 25 29 MHz



#7 Cage Antenna Four Conductor (Continued)
Fed with 45082 or 300L, Ladder Line [1]. A Good Balanced Antenna Tuner
is recommended, ex: Johnson Matchbox. Simulated & calculated values:

Freq 450Q2 Ladder Line [1] 300Q2 Ladder Line [1]
MHz Matched VSWR Total Matched  VSWR Total
[dB/100’] [2] Loss[dB] §[dB/100’] [2] Loss[dB]

7.1 0.141 7.18:1 0.49 0.36 4.81:1 0.83
10.1 0.17 2.73:1 0.26 0.44 3.12:1 0.72
14.1 0.203 2.24:1 0.27 0.52 3.22:1 0.95
18.1 0.233 5.46:1 0.62 0.59 4.43:1 1.21
21.1 0.253 5.30:1 0.65 0.64 3.57:1 1.08
24.9 0.277 2.53:1 0.40 0.68 2.27:1 0.83
28.1 0.297 1.34:1 0.31 0.71 1.97:1 0.84
50.1 0.411 4.0:1 0.81 0.89 3.02:1 1.35

Notes:

1. Data from: 450 Q Wireman #551 ; 300 Q DXE-LL300
2. VSWR with this Cage Antenna.




#8 N2XP End-Fed #8_N2XP_EFHW.nec 7Zc=2450Q

A popular antenna, especially for POTA and FD. Requires only one support.
To determine the values to enter into the editor required some geometry:
We are given the boldface values.

The antenna wire dimensions, the height of the base (1’) are known
accurately. The distance

to the tower (50°) is also GY
known. The other Qv

’ (o) T
dimensions are either B
unknown or not certain. %
So the other dimensions T L o
were solved from the Q' e [
given dimensions. We can To B B
always modify the 4 080,083 :
dimensions if required. e;aSr{cgfsi(S" /60.083)
Wire: 0.068” dia copper. 1’ ' - i T
09_ L«— e L] -
Transformer 5 0 ! >




We need to input this information into the Editor, starting at the Symbols
tab to create some symbols or variables we can use in the Geometry Tab.
This makes modifying our model much easier.

& #8_N2XP_End _Fed_1l.nec - 4nec2 Edit

File Cell Rows Selection Cptions
[ Upd Ins| Del] Tl
Sumbolss | Geomety |  Sourcedload | Freq/Ground | Others 1 Camrnent ]
Symbaolz
Hr | Symbols and eguations | comment
1 | CHigh=[2/12 Counterpoise elevation above specified ground
2 | Low=1 Loy End(ft]
3 |High=55.74 t.ax Height [it] Eztimated
4 [Rad=0.024/12] w'ire R adiuz
5 [CRad=0.024/121 CounterPoize Fadiuz
6 |Clen=40 CounterPoize Length
¥ |Baze=4375 Baze
Scaling
|7t"" Meters & Feet ¢ Inch l;fha;hi- & Custorm  Fachar IU.3U4E

There are symbols for the wire lengths, etc.

These are the driven element high point 55.74°, low point 1’,base length
43.75’, counterpoise lengths 40’ and counterpoise height (2/12) ft=2".
The driven element radius and counterpoise radius 0.034/12= 34mils.

It turns out that counterpoise lengths of 40’ are not mandatory. Shorter
lengths can work just fine. Reduce CLen to 10’ and see.



Next, the Geometry Tab:

# #8 N2XP_End _Fed_l.nec - 4nec2 Edit

§ Eile Cell Rows Selection Options

| Mupd ns| ool @ M|

Syrbols T | Geometry; T SourceLoad T Freq./Ground T Others T Comment
Geometry [Scaling=Feet ] ™ Use wire tapering
Mr | Type | Tag]  Ses| 51 1| 21 52| 2| Z2| R adius|
1 |'Wwire 1 168 1] 1] Lo Baze 1] High Fad
2 |'wire 2 3 1] 0 CHigh 1] 1] Loy Fad
3 |'wire 3 K] 1] 0 CHigh 1] -Clen CHigh Crad
4 |'wire 4 K] 1] 0 CHigh 1] Clen CHigh Crad

K1 2

Each wire is assigned a “Tag” number, usually same as the Wire Nr, but it
doesn’t necessarily have to be,

The entire driven element was given as a lower section of 64°8”°, a 110uH
coil of 5” length, with an upper section of 5’. This gives us a total of 841
inches, for which we could use 841 segments (Segs), but this is unnecessary
and makes computation time very long. Better to assign each segment=5
inches and then we have 168 segments with the load (coil) at segment 154.
The line representing the 1’ section is assigned 3 segments, and the two

counterpoise wires assigned 31 segments each.



And the next tab (but not last one) is the Source/L.oads tab where we
define where our feedpoint is on Tag #2, Seg#1, and where the 110 uH coil
is located up on Tag#1, Seg # 154 on the driven element. The Wires are
defined as PVC (soft) 0.032” jacket on copper. You can define the wires as
bare or jacketed or a combination of both. The conductor radius is defined in
the Symbol and Geometry Tabs.

& #8 N2XP_End _Fed_l.nec - 4nec2 Edit

File Cel Rows Selection Options

[ Fupd s Dot G ]

These can Sumbols 1 Geometry 1 SourcelLoad | Freq./Ground 1 Others 1 Comment
. Sourcelz] ¥ Show zource [ Show loads [ Show Trline
be defined
Hr | Type | Tagl Segl [Dpt]l Reall Imagl Magnl F'hasel [nu:urm]l ||:|:umment
. 1 |Voltage-src 2 1 1] 1.0 1] 1 1] 1]
differently

for e

different Load(s)

Hr | Type | Tag| First| La$t| R[u:uhm]| LH enrg]| E[Farad]| | | | comment —
1 1 [Series-RLC 1 154 154 15 0.00011 1 [
WIIES. 2 |wire-coat 0 0 0 P [zoft) 0.0324132)
3 |'Wwire-conduc 1] 1] 1] Copper - I
4 I I 3

The Freq/Ground, Others and Comments contain your choices for what type
of ground and the default frequency (7.1 MHz), plus any other notes.



This antenna covers the harmonically related bands 80/40/20/15 and 10.
With a 49:1 transformer, source impedance is approx 50*49 = 2450Q.
File Edit Settings Caloulate  Window  Show  RBun Help Show  Wiew WValidate Currents  Ear-field [ear-field  Wire  Plak

El i #8_NZ<P_End_Fed_1.out Tot-gain 7.1 MH=

Fileriarne |><F'_E wd_Fed_1.out Frequency 71 Mhz
W avelength 4223 mbr
Woltage | e27+j0v Cuimrent | 016-j0024
Impedance 3951 + 563 Sefies camp. 39,79 pF
Parallel form | 3933 7/ 3.04 Parallel comp. [~ 0,834  pF
SwR2480 [ 162 Input power [ 1o0 W
Efficiency [ oona | % Structure lozz [ 1014 | W
Radiat-effl. [ 2443 % Metwaorl: logse [ o uiwd
RDF [dE] o5 Radiatpower [ oopo | W
E nwiranmet [ Loads [ Folar !
GROUMD PLAME SPECIFIED. I-il
"wWHERE “WIRE EMDS TOUCH GROUMD, CURREEMT “ILL BE INTE
FIMITE GROUMD. SOMMERFELD SOLUTION
FELATIVE DIELECTRIC COMST.=12.000 ~
Comment
#8 MZ=P End-Fed_1
Seg's/patches [ 233 gtalt  stop  count  step
Pattern lines [ 2700 Theta [ o0 [ 90 a7 5
Freq/Eval steps [ 1 Phi ] %0 | 73 5
Calculation time | 0380 s Theta : 69 Axis - 10 mbr Phi : 258




#8 N2XP End-Fed (Continued)

At 40 Meters, in some
directions, the previous
horizontal dipoles have more
gain, but the N2XP End-Fed fills
the dipole’s notches with nearly
omnidirectional gain, where the
dipoles have gaps.

It only requires one elevated
support. Your station can be
located close to the feedpoint,
which is right at the transformer.

Pattern looks nearly omni-
directional at these heights, with
just less than 1dB gain on 40
Meters.

%l Pattern (F4)

Show  Ear field [ear field Compare Transfer FFtab  Plok
T ot-gain [dBi]

0z 5

- J{x]

Yertical plane

il

Hor plane 150

Wer plane 65 165
Theta=h5. Phi=130 -180

150

B dBi¢ 0ed
999 ¢ dBi < 0.62
Max aain The:55




#8 N2XP End-Fed (Continued)

Radiation efficiency at ~35%. This is better than verticals over Real, Avg
ground but less efficiency than the horizontal dipoles.

1SD‘-J'|:n|-’R (2450 ahirn] #8_HNZ<P_End_Fed_1.out

&l
40

20

10

ah 5.5 7.5 25 11.5 135 155 17.5 19.5

21.5 2348 255 278 tHz

Looks good for the Harmonically-Related 80/40/20/15 and 10 meter bands
Didn’t seem too sensitive to how much counterpoise it has, as long as it had
something. On the lower bands, the counterpoise helped, especially on 40M.
The value of the 110uH loading coil primarily affects the 80 meter tuning.



#9 2 Meter 2-Bay Folded Dipoles #9_2M_Folded_Dipole_2.nec
Brass Tubing 0.186”Diameter. Zc=300€2

VA

Feedpoints
(Sources)
=9 Z V| A 2 Places
2-Bay

Folded 2V

Dipoles _X_

A

36.5" Each Dipole

|

68’ e 2" TYP.
ABOVE |t =&
GROUND| TV v
Y i )4




#9 2 Meter 2-Bay Folded Dipoles (Continued)
Inexpensive, non-critical, easy-to-replicate construction with little or no
tuning. Good gain ~9.63 dBi omnidirectional. Vertical Polarization, ~58%
Radiation Efficiency. Can be supported on same support with other antennas

for other VHF/UHF bands. Conductor 0.186” diameter Brass Tubing
umw—am

File  Edit Settmgs Calculate  Window  Show  Run Help Show Wiew Validate Currents Far-field [Mear-fisld  Segm.  Plak
; ] i #2_2M_Folded_Dipole_2.out T ot-gain 146 MHz
Filzriame | #9 2M_Falded_Di Frequenicy 146 Mhz
| i avelength 2052 mh
1 Woltage | 12940V Current | 387 +)21.4 4)
1 Impedance 334 -84 SEfes comp. 0.0z uH ¢'
| Parallel form | 335 2/ - j 6053 Farallel comp. | £5%  uH
5w B.300 113 [nput povwer 100 i
1 Efficiency 00 oF s Structure lozs 153.3 s
1 R adiat-eff. el s i etwaorl losz 0 Lit
RDOF [dE] 119 R adiat-powmer 09 oF i
| Environment [ Lozds [ Polar
1|GROUMD PLAME SPECIFIED. g
WHERE WIRE EMDS TOUCH GROUMD, CURREMT "wILL BE IMTE
1IFIMITE GROUMD. SOMMERFELD SOLUTION ;I i
1 Comment
1 [#9 2M Folded_Dipole_2 2 Bay Stacked Vertical Folded Dipales
]
1 Seq's/patches 45 start  ztop  count  step
4 Fattem lines E5341 Theta[ =0 [ o0 [1:1 1
Freq/E wal stepz 1 Fhi 1] 360 | 381 1
] Calculationtime | 0,540 s Theta : 59 e 1 b Phi : 301




#9 2 Meter 2-Bay Folded Dipoles (Continued)
Here is the pattern with a low angle of radiation, omnidirectional. The gain

of ~9.62 dBi is directed at the horizon. This value is referenced to Isotropic.
i Pattern (F4) [ [X]

Show  Ear field [ear field  Compare  Transfer  FFkab  Plok
T ot-gain [dBi] n 7 Yertical plane

Har plane 203 ¢ dBi ¢ F a2

Wer plane 185 165 183 < dBi ¢ .62
Theta=88, Phi=166 -180 Max gain The:88




#9 2 Meter 2-Bay Folded Dipoles (Continued)

Very flat, non critical tuning with 30022 feedlines.

SR (300 abrm) [Src 1] #2_2M_Folded_Dipole_2_out

L8] R & ) [ = ) oo =
]

S e e e S

142 143 144 145 146 147 148 149 150 MHz

How to feed this thing??

Suggested easy-to-build phasing harness on next page.



#9 2 Meter 2-Bay Folded Dipoles (Continued)

#9 2M 2-Bay Folded Dipole
Suggested Phasing Harness Aﬂ‘
f

300Q Lines, A/2 Balun, prpoi
A/12 Matching Transformer FO Eeedpoint
/1 B T
(, — 300Q LINES
| SAME LENGTHS

Red: Coax inner & ¢ '?‘

duct L2 . Lower
conductors 1° Dipole
soldered together. 5 |~ Feedpoint
Blue: Coax outer Refer to page 61

conductors D—11- for details.
soldered together. Z4J



#9 2 Meter 2-Bay Folded Dipoles (Continued)
Suggested Phasing Harness Matching Details:
Note: Dashed lines in Green denote reference planes, labeled ‘A’ thru ‘D’.

The folded dipoles present a feed-point impedance of approximately 300 €
at both feed-points labeled ‘A’. When these feedlines are combined with the
proper phase at ‘B’, we see approximately 300Q2 /2= 150 Q. This is
presented to the balanced ports of the Z1 4:1 balun, which in turn presents
150Q /4 or ~ 37.5 Q. The Bramham A/12 Transformer made up of Z2 (50 Q)
and Z3 (75%2 /2=37.5 Q) which matches to ~ 50 Q for the 50 Q2 down-feed
Z4. This down-feed Z4 can be any length of low-loss 50Q2 coax, like
LMR400, etc..



#9 2 Meter 2-Bay Folded Dipoles (Continued) Suggested Phasing Harness Details:
Z.1-7.3 Information:

Z.1-7.3 are preferably made from Solid PE Dielectric coax, as its velocity factor is
normally close to 0.66. To use a Foam Dielectric Coax, you need to know the
velocity factor from the manufacturer as it can vary greatly.

Z.1: For Solid Dielectric (50 Q RG-58/U or 75 Q RG-59/U):
Length [in]= (300/146)*(39.37)*(0.5)*(0.66) =26.69 inches. Note [1] below.

Z.2: 50 Q Coax such as RG-58/U Solid Dielectric.
Length [in]= (300/146)*(39.37)*(0.125)*(0.66) =6.67 inches. Note [1] below.

7.3: 75 Q Coax such as RG-59/U Solid Dielectric, (2) Lengths connected in parallel
to provide a 37.5 Q characteristic impedance. Note [1] below.

Z4: 50 Q Coax, any length, foam or solid. Use your lowest-loss coax for Z4.

Note [1]: If you must use foam dielectric coax, substitute the manufacturer’s
velocity factor for the constant “0.66” in the above equation(s).



To Probe Further: Wwith Special Thanks to Arie Voors, PA2B

The 4nec2 website: https://www.gsl.net/4nec2/
The 4nec2.rtf file packed with the 4nec2.zip download is an excellent reference. After
4nec2.exe is installed, it can be found in /4nec2/exe/ or wherever your OS installs it.

Simulation of Wire Antennas using 4NEC2, Gunthard Kraus
Oberstudienrat, Elektronikschule Tettnang, Germany
https://www.gsl.net/4nec2/Tutorial 4NEC2 english.pdf

The 4nec2 Definitive Guide (A Work-In-Progress)
https://leanpub.com/4nec2definitiveguide/read

K5VR Transmission Line Calculator: Covers both Coax and Parallel Line types.
https://kv5r.com/ham-radio/coax-loss-calculator/

WN2A Website: www.gsl.net/wn2a PDF and .NEC files (T.B.D.)
Ladder-Line: 300 Q: Wireman #562, DXE-LL300. Not necessarily equivalent
450 Q: Wireman #551, DXE-LL450. Not necessarily equivalent

Legal Disclaimer:

The information provided in this technical paper is for informational purposes only. While every reasonable
effort has been made to ensure the accuracy and completeness of this information, the author makes no
representations, guarantees, or warranties, express or implied, as to the accuracy, completeness, or reliability of
the content. Any action taken based on this information is at your own risk.


http://www.qsl.net/wn2a
https://kv5r.com/ham-radio/coax-loss-calculator/
https://leanpub.com/4nec2definitiveguide/read
https://www.qsl.net/4nec2/Tutorial_4NEC2_english.pdf
https://www.qsl.net/4nec2/

