Interactions
between
Antennas in a
10/15/20m Stack

In 2000 | homebrewed a 5 element 10m Yagi and put  Larry Banks, W1DYJ
it on a roof tower. In 2004 | added a 20m homebrew Licensed: 1961 (KN1VFX)

Moxon. Finally, in 2010 | added a homebrew 15m W1DY!J since 1966
dipole. Amateur Extra
Recently with the improving sunspot cycle, | now and 9B DXCC [ 298-Cnf / 300-Wkd ]
then heard something | didn’t understand. Recent PX Cha"e"gse; ﬁ:ﬁ
modeling revealed counterintuitive antenna patterns. 6M VUCC [ 615 grids-Cnf]

All Low Power

W1DYIJ ~ Larry Banks
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Interactions between Antennas in a 10/15/20m Stack

My Ham Interests (and biases)

 DXing
v 160 > 6

e Casual Contesting

v A “little pistol” station
v' ~25 [ year = to support DXing

* Antenna Systems & Station Building
v Your Antenna System is the most important part of your station
v’ Modeling is essential if you play with antennas

v Another hobby is woodworking
vl used to be an EE

e Club Activities

v’ Personal Connections
v' Growing Ham Radio

HF Antenna Stack Analysis - April 2025 Page 2 W1DYJ ~ La rry Banks
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Interactions between Antennas in a 10/15/20m Stack

Agenda
* Some History

* 2000 - 10m Yagi Construction
2004 - 20m Moxon Modeling
¢ 2010 - 15m Dipole Elevation/Azimuth Response

e 2023 - Analyzing the Stack

e Current Results

L ox
INDEXA
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Interactions between Antennas in a 10/15/20m Stack

Some History

In 1996 — “in between marriages”...
| purchased a home at 33 Blueberry Hill Road in Woburn MA
I thought | would be there for about three years...
I’'m still there!

In 1998: First roof tower: 6m|2m|432

In 2000: Second roof tower: 10m

Also in 2000 [38 years after KN1VHF...] Extra Class
Backyard >> Alpha Delta DX-CC Dipole [80/40&15, 20, 10]

< 41’ >
40/15  coil 80
=— 20

HF Antenna Stack Analysis - April 2025 Page 4 W1DYJ ~ La rry Banks
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Interactions between Antennas in a 10/15/20m Stack

Some History

In 1996 — “in between marriages”...
| purchased a home at 33 Blueberry Hill Road in Woburn MA
| thought | would be there for about three years...
I’'m still there!

In 1998: First roof tower: 6m|2m|432

In 2000: Second roof tower: 10m

Also in 2000 [38 years after KN1VHF...] Extra Class

Then, on the 2nd roof tower: 20m (2004) | 15m (2010)

HF Antenna Stack Analysis - April 2025 Page 5 W1DYJ ~ La rry Banks
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Interactions between Antennas in a 10/15/20m Stack
Those two roof towers in Woburn

International
DX

Association

HF Antenna Stack Analysis - April 2025 Page 6
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Interactions between Antennas in a 10/15/20m Stack
Why am | still in Woburn? It is on a 200’ Hill

~ To Europe

International
DX

Association
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Interactions between Antennas in a 10/15/20m Stack

HB 10m 5EL Yagi

r N XV

HF Antenna Stack Analysis - April 2025 Page 8 W1DYIJ ~ Larry Banks




Interactions between Antennas in a 10/15/20m Stack

] [ ]
~ D eta I IS ' : Iwb:hamiant\10M_5EL vsd
10m 5EL Yagi .. 5EI~10M24 boom Yagi o
Based on ARRL Antenna Book, p.1
8- 17th edition, 1994, p11-10
11.4.1 10 METER YAGIS 10 meter elements. The heavy-duty design can survive 125-mph L Caa Lt
Figure 11,13 describes the electrical performance of eight winds with no icing. and B8-mph winds with 'einch of radial 5}
optimized 10 meter Yagis with boom lengths between 6 1o 60 ice. The medium-duty design can handle 9%6-mph winds with no &
feet. Theead of eac) includo: os of space » __icing. and 68-mph winds with Yi-inch of radial ice. 8 S5 salf-tagping Scows
reflectol [agis is a 5 5} £ 4" o AL tubing (out into 48" lengths)
designs 4 inches i ARy ;q_'\"uil'\ .
R bment. is i ¢ 4 A b uf
=+  ARRL Antenna Book [ ob 0
sus fragf \'rl;mlnc 3 -d the
designey th e, ® effective
o 281 — Ind 2310 -
f“l.:]:n 17 Ed Itlon 1994 length on 2
Fig| s,
" 1
I
| I { I i
u E !
: — vE '
_— E 1
ARRL Antenna Book — N .
" — I
LR adl E- I
o th oy o el | 2
24t Edition — 2019 ] sE !
L] 5 - I
: iti th — “E |
: [Current Edition: 25" — ??: : T "o oel| e
5 from splice 16" 6 1/4' 168" 1711 104 :
Froquency, MHZ 2 I
——vin x o . — i & !
M R OME e TR PR 7 50.75" 55" 57.125 58" 55625" :
_ i e _ B (57" overall) (61" overall) (62" overall) (63" overall) (72" overall) | |
[T S —we sl ] | !
® ol 4_ 282" 4— 171" Eq— 7 je— 36" —» :
i i i 1
1 1 | 1 1 1 | | 1 | 1 NN N NN .|.|.I.|.|.I'|.|.I.|.|.I.|.|.H"
25 24 20 15 10 5 g &
- — e
1 | T ]
SR Five-element 10 meter Yagi, 24 foot boom
Element Spacing, inches Heawvy-Duty Tip Medium-Duty Tip
S File Name 510-24H.YW 510-24M.YW
m‘ o . Reflector 0.000" 65.625" 70.750"
Tl Driven Element 36.000" 58.000° 63.250"
Director 1 36.000" 57.125" 62.375"
i Director 2 99.000" 55.000" 60.250"
T T T ot R e L Director 3 111.000 50.750° 56.1257
Yagis have been optimized for better than 20 dB F/R and less than 2:1 SWR over the frequency range 28.0 to 28.8 MHz. At B, Compensalor i 2 behind D|r 3 EB ?50 25?50
front-to-rear ratio for these antennas is shown versus frequency, and at C, SWR is shown over the frequency range. At D. the
taper schedule is shown for heavy-duty and for medium-duty 10 meter elements. The heavy-duty slements can tand
125-mph winds without icing, and 88-mph winds with Y-inch radial ice. The medium-duty elements can survive 96-mph F=t? & il i LT .
winds without icing, and 68-mph winds with “winch radial ice. The wall thickness for each telescoping section of 6061-Té
aluminum tubing is 0.058 inches, and the overiap at each telescoping junction is 3 inches. International
11.12 Chapter 11 Assgi}a(tion
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Interactions between Antennas in a 10/15/20m Stack

~

10m SEL Yagi SN
MON N N AL
[ . A NN R
EZNEC Model with R RN
1 [ ] . ----\\ "r_ -\1.1.\. -\ E -E\‘:.\'\ -l.E.}-\
Matching Section and e SN S
s = . B AN L
Transmission Line i N :
% et
\__\zﬁ\ E.-
3y
3 5 Model does not account for
SWR == house and hill: assumes flat
3 : terrain > 15t order
approximation.
2 = S
- More Details in the
15 F : Sweep: 27-30 MHz @ 0.01 step Appendix of the on-line
» SWR: 1.84:1 @ 28.32MHz . | .
=38.39 @ 29.59° =33.38+j18.96 W version. [gsl.net/w1dyj]
¥ [ : [with transmission line] Thiernational
1 Assgi}aition
27 Freq MHz 30 R

HF Antenna Stack Analysis - April 2025
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Interactions between Antennas in a 10/15/20m Stack

10m 5EL Yagi
EZNEC Model with Matching Section and Transmission Line

[@30° ~ 0.9A]

Total Field

13.4 dBi @ 15°
F/B ~ 32dB
F/R~ 26 dB

0 dB EZNEC+

-
Lesw”

-
[ ==

Elevation Plot
Azimuth Angle
Outer Ring

3D Max Gain
Slice Max Gain
Beamwidth
Sidelobe Gain
Front/Sidelobe

Cursor Elev
0.0 deg. Gain
13.43 dBi
13.43 dBi
13.43 dBi @ Elev Angle = 165.0 deg.

15.7 deg., -3dB @ 156.2, 171.9 deq.
4.55 dBi @ Elev Angle = 130.0 deg.

8.88 dB

28.3 MHz 28.3 MHz
165.0 deg. Azimuth Plot Cursor Az 180.0 deg.
13.43 dBi Elevation Angle 15.0 deg. Gain 13.43 dBi
0.0 dBmax Outer Ring 13.43 dBi 0.0 dBmax
0.0 dBmax3D 0.0 dBmax3D

3D Max Gain 13.43 dBi
Slice Max Gain 13.43 dBi
Front/Back 31.67 dB
Beamwidth 53.4 deg.
Sidelobe Gain
Front/Sidelobe 25.75 dB

-12.32 dBi @ Az Angle = 300.0 deg.

@ Az Angle = 180.0 deg.

, =3dB @ 153.3, 206.7 deg.

HF Antenna Stack Analysis - April 2025 Page 11
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Interactions between Antennas in a 10/15/20m Stack

2004 - HB 20m Moxon
Wanted more “firepower”

EATLR - Y
Lo

for 20m WAS / DXCC

'\.\

¥ \,,\‘ N \\

Les Moxon
WVGGXN
- | SK-2004

ot
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Interactions between Antennas in a 10/15/20m Stack
HB 20m Moxon

A 20 Meter Moxon Antenna

Moxons work great -

and they take up less space than full size two element Yagis.

Larry Banks. W1DYJ
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April 2009 QST

Won the “Cover Plaque” Award

Also in Compendium V8 and

Antenna Book 23 Edition

W1DYIJ ~ Larry Banks
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Interactions between Antennas in a 10/15/20m Stack

HB 20m Moxon
v
4 ;7 _58"x8 ]  3/4"x6 S N
\_‘\. \\ 57 10' x 1 3/4" Boom B,;:‘r?ng:ﬁm _______
b " 3" overlap AT xTE" |
\ B S Boom- M |
> q2nx 13 Yy :.op;alu TEx e |
R 5 & x 38"
Faga 12" x 4'9" o 3@ F‘“‘f{g'm
- I s n | 1024 |
10.87'  14-20x2°SS ke L A L‘gﬁf
L e N potte) 1 3/4" OD Mast i i
" Fiberglass : i 24 Fef i
o 13/64" holes —
aage: 112" break Al
T2 x 37" indriven - o A’ x 58" Fibergiass ai
1 element ™ —_ r_% _Y_,/ ! nZA
l_'_l
WL
Sweep: 13-15 MHz @ 0.01 step
B : + SWR: 1.017:1 @ 14.19 MHz
4 - : A
= S 10 Z=49.2 @ 0.31° =49.28 +j0.266 Q
E=8 e [with transmission line]
E h
Sy = N 5 i
.
- SWR
h -
'\ e
iy \
B N " i ;
. \ 5
\'.x‘,i W 15 |G T By
*y s T
.\'-, ..ﬂ""---'-_lz ‘:;Y"
N 1.1
— 3 i
13 Freq MHz
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Interactions between Antennas in a 10/15/20m Stack

HB 20m Moxon 0GR B [@36" ~ 0.55\]

Total Field F/B ~17dB 0dB EZNEC+
F/R~ 17 dB

14.15 MHz 14.15 MHz
Elevation Plot Cursor Elev 155.0 deg. Azimuth Plot CursorAz 180.0 deg.
AzimuthAngle 0.0deg.  Gain 10.02 dBi Elevation Angle 25.0deg.  Gain 10.02 dBi
Outer Ring 10.02 dBi 0.0 dBmax Outer Ring 10.02 dBi 0.0 dBmax

0.0 dBmax30 0.0 dBmax3D

3D Max Gain 10.02 dBi

Slice Max Gain 10.02 dBi @ Elev Angle = 155.0 deg.
Beamwidth 30.1 deq.; -3dB @ 137.3, 167.4 deq.
Sidelobe Gain -6.97 dBi @ Elev Angle = 20.0 deg.
Front/Sidelobe 16.99 dB

3D Max Gain 10.02 dBi

Slice Max Gain 10.02 dBi @ Az Angle = 180.0 deg.
Front/Back 17.07 dB

Beamwidth 81.2 deg.; -3dB @ 139.4, 220.6 deg.
Sidelobe Gain  -7.05 dBi @ Az Angle = 0.0 deq.
Front/Sidelobe 17.07 dB

s
Association
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Interactions between Antennas in a 10/15/20m Stack

2010 - HB 15m Dipole
Wanted something better than 40m part of A/D DX-CC

Threw it up a week before the CQ WW SSB contest as a
temporary antenna.

It’s still There!

HF Antenna Stack Analysis - April 2025 Page 16 W1DYVYJ ~ Larry Banks




Interactions between Antennas in a 10/15/20m Stack

HB 15m Dipole

15M Rotatable Dipole AR AR, ..1?
M ber 2010 £ By
o SWR: < 2:1 from 21.0 MHz => 21.45 MHz

WS W3 w1 w2 W4

-« 23 »
15" of 58" 147 of &%
AL g ™ S AL hutss mert B Fibeiolis el T o 5" AL tubw irmen AL iy

o P 6 x % Al Tubing Tx % AlTubing 3 % % Al Tubing T T F x% Al Tubing . ol

AL tubing AL fubing *1
INF

Sweep: 10-30 MHz @ 0.1 step
[with transmission line]
10 e
put
i
5
SWR : :
3 b i
2 EiEEE =
SWR: 1.31:1 @ 21.2 MHz LEEs
Z=39.10 @ -6.13° Resi
=38.9-j4.178 Q i
1
10 Freq MHz 30

HF Antenna Stack Analysis - April 2025
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Interactions between Antennas in a 10/15/20m Stack

HB 15m Dipole

Why it’s still there: it “works” on 12m and 17m!
SWR is not the sole measure of a good antenna!

INF
Sweep: 10-30 MHz @ 0.1 step
[with transmission line]
10 L
it
iy
SWR: 5.68:1 @ 18.1 MHz
2=269.9 @ -17.42° : - &
=257.5-j80.79 Q :;:;:::::::“,;::;'.:::;:::.':::.'::: i a
z SWR: 3.67:1 @ 24.9 MHz :
2=167.6 @ 22.12° £
; =155.2 + j63.1 Q z
15 deuu
i
1.1 International
DX
1 Association
10 Freq MHz 30 S

bx
INDEXA
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Interactions between Antennas in a 10/15/20m Stack

HB 15m Dipole

Why it’s still there: it “works” on 12m and 17m!
SWR is not the sole measure of a good antenna!

INF
Sweep: 10-30 MHz @ 0.1 step
[with transmission line]
10 i
put
S pa & s 4|
nnis SWR: 5.68:1 @ 18.1 MHz i
SWR [t Z=269.9 @ -17.42° :
3 =257.5-80.79 Q :;:;:::;:::",;::;::::::.':::::: ’ 3
it SWR: 3.67:1 @ 24.9 MHz '
X Z=167.6 @ 22.12° £
3 =155.2 +j63.1 Q z
15 deuu
i
1.1
1
10 Freq MHz 30

HF Antenna Stack Analysis - April 2025
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Extra SWR Power Loss:
[70’ RG8X]

0.3dB
1.9 dB
3.3dB

15m 1.3:1
12m 3.7:1
17m 5.7:1

W1DYIJ ~ Larry Banks
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Interactions between Antennas in a 10/15/20m Stack

HB 15m Dipole

Why it’s still there: it “works” on 12m and 17m!
SWR is not the sole measure of a good antenna!

INF
Sweep: 10-30 MHz @ 0.1 step
[with transmission line]
10 i
e
=
S pa & s 4|
nnis SWR: 5.68:1 @ 18.1 MHz i
SWR [t Z=269.9 @ -17.42° :
3 =257.5-80.79 Q :;:;:::;:::?‘,;::;::::::;:::;::: ’ 1
X SWR: 3.67:1 @ 24.9 MHz
X Z=167.6 @ 22.12° £
; =155.2 + j63.1 Q P
15 deuu
i
1.1
1
10 Freq MHz 30

HF Antenna Stack Analysis - April 2025

Page 20

Extra SWR Power Loss:
[70’ RG8X]

15m 1.3:1 0.3dB > 93w
12m 3.7:1 1.9dB - 65w
17m 5.7:1 3.3dB - 47w

W1DYIJ ~ Larry Banks
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Interactions between Antennas in a 10/15/20m Stack

15m Dipole~ El/Az Patterns on 15m [@33' ~0.67A]
- 6.4 dBi @ 20°
Total Field F/B o~ OdB 0dB EZNEC+

0 dB F/R~0dB

.=
[ ==~

21.2 MHz 21.2 MHz

Elevation Plot Cursor Elev  20.0 deg. Azimuth Plot CursorAz 0.0 deg.
Azimuth Angle 0.0 deg. Gain 6.41 dBi Elevation Angle 20.0 deg. Gain 6.41 dBi
Outer Ring 6.41 dBi 0.0 dBmax Outer Ring 6.41 dBi 0.0 dBmax

0.0 dBmax3D et o 0.0 dBmax3D
3D Max Gain 6.41 dBi i in § i
Slice Max Gain  6.41 dBi @ Elev Angle = 20.0 deg. ?"Cet;gaxfﬂ'" g‘;: :g' @ Az Angle = 0.0 deg.
Beamwidth 21.1 deg.; -3dB @ 9.6, 30.7 deg. ront/Bac .

Beamwidth 81.4 deg.; -3dB @ 319.3, 40.7 deg.
Sidelobe Gain 6.4 dBi @ Az Angle = 180.0 deg.
Front/Sidelobe 0.01 dB

Sidelobe Gain 6.4 dBi @ Elev Angle = 160.0 deg.
Front/Sidelobe 0.01 dB
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Interactions between Antennas in a 10/15/20m Stack

15m Dipole~ EI/Az Patterns on 17m [@33’ ~ 0.6A]
3.4 dBi @ 25°
F/BNOdB 0 dB EZNEC+
0d8 F/R~0dB

-----

18.1 MHz 18.1 MHz

Elevation Plot CursorElev 25.0 deg. Azimuth Plot CursorAz 0.0 deg.
Azimuth Angle 0.0 deg. Gain 3.41 dBi Elevation Angle 25.0 deg. Gain 3.41 dBi
Outer Ring 3.41 dBi 0.0 dBmax Outer Ring 3.41 dBi 0.0 dBmax

0.0 dBmax3D 0.0 dBmax3D
3D Max Gain 3.41 dBi 3D Max Gain 3.41 dBi
Slice Max Gain 3.41 dBi @ Elev Angle = 25.0 deg. Slice Max Gain  3.41 dBi @ Az Angle = 0.0 deg.
Beamwidth 25.6 deg.; -3dB @ 11.1, 36.7 deg. Front/Side 11.77 dB
Sidelobe Gain 3.4 dBi @ Elev Angle = 155.0 deqg. Beamwidth 87.4 deg.; -3dB @ 316.3, 43.7 deq.
Front/Sidelobe 0.01 dB Sidelobe Gain 3.4 dBi @AZ Angle = 180.0 deg

Front/Sidelobe 0.01 dB

HF Antenna Stack Analysis - April 2025 Page 22 W1DYVYJ ~ Larry Banks
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Interactions between Antennas in a 10/15/20m Stack

15m Dipole~ El/Az Patterns on 12m

4.4 dBi @ 15°

F/B ~ 0dB
F/R~0dB

[@33’ ~ 0.8A]

0 dB EZNEC*

249 MHz 249 MHz
Elevation Plot Cursor Elev 15.0 deqg. Azimuth Plot Cursor Az 180.0 deg.
AzimuthAngle 180.0deg.  Gain 4.38 dBi Elevation Angle 15.0deg.  Gain 4.38 dBi
Outer Ring 4.38 dBi 0.0 dBmax Outer Ring 4.38 dBi 0.0 dBmax
0.0 dBmax3D 0.0 dBmax3D
3D Max Gain 4.38 dBi 3D Max Gain 4.38 dBi
Slice Max Gain 4.38 dBi @ Elev Angle = 15.0 deg. Slice Max Gain 4.38 dBi @ Az Angle = 0.0 deg.
Beamwidth 17.3 deg.; -3dB @ 8.6, 25.9 deg. Front/Side 19.42dB
Sidelobe Gain  4.38 dBi @ Elev Angle = 165.0 deg. Beamwidth 75.6 deg.; -3dB @ 322.2, 37.8 deg.
Front/Sidelobe 0.0 dB Sidelobe Gain  4.38 dBi @ Az Angle = 180.0 deq.
Front/Sidelobe 0.0 dB

HF Antenna Stack Analysis - April 2025 Page 23
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Interactions between Antennas in a 10/15/20m Stack
Summary of response of antennas by themselves

Band ~Gain dBi @ Elev

Does not include SWR Loss.

A dipole in “free space” is 0 dBd or ~2.15 dBi

HF Antenna Stack Analysis - April 2025 Page 24 W1DYVYJ ~ Larry Banks

Cox e
INDEXA



Interactions between Antennas in a 10/15/20m Stack

All 3 Antennas

HF Antenna Stack Analysis - April 2025 Page 25 W1DYIJ ~ Larry Banks



Interactions between Antennas in a 10/15/20m Stack

All 3 Antennas

Motivation for Analysis:

With the increasing sunspots, on both 12
& 15m | sometimes heard echoes on DX
stations. The earth is about 134 mS. in

circumference.
[~25,000 miles-in-C + 186,000 miles/S)

Was | hearing both SP and LP?

HF Antenna Stack Analysis - April 2025 Page 26 W1DYIJ ~ Larry Banks




Interactions between Antennas in a 10/15/20m Stack

Short Path / Long Path?

Vex Mercator Projection

The Robinson Projection (Wikimedia Commons)

HF Antenna Stack Analysis - April 2025 Page 27 W1DYIJ ~ Larry Banks
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Interactions between Antennas in a 10/15/20m Stack

Short Path / Long Path?

(5[4
Azimuthal- Good for
Equidistant Great-Circle
Projection Route
2704 b 398
Low-Band
DXing
Fig 1-28
ON4UN
MAP CENTER IS: 218
BOSTON

HF Antenna Stack Analysis - April 2025 Page 28



Interactions between Antennas in a 10/15/20m Stack

Short Path / Long Path?

(5[4
Azimuthal-
Equidistant
Projection
70°
2789 ® 390
- Low-Band
250 DXing
Fig 1-28
ON4UN
MAP CENTER IS: 218’
BOSTON
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Interactions between Antennas in a 10/15/20m Stack

All 3 Antennas
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Interactions between Antennas in a 10/15/20m Stack

All 3 Antennas

EXNEC Input »
Model with 15m currents

Wires
HNo. | End1 | End2 | Diameter [ Segs]|
X K [2m [Conn  [X (1) [¥ [Z [ in) |

|2 130 [wagl  [9 [2 130 [0.75 113
2 30 35 |30 [0.625 5
-2 |30 35 30 |0.625 |5
135 (30 IEEH |20 [05 [18
35 30 897 30 05 |18
2 30 2 30 [075 [13
2 0 35 30 0625 5
2 ] 35 |30 [0625 |s
135 0 833 30 05 |16
135 |30 [EES] |30 |05 |18
-2 0 |2 30 [0.75 [13
H 30 35 |30 [0.625 [5
|2 130 35 |30 [0.625 |8
35 30 826 30 05 [15
135 |30 |82 |20 05 |18
-2 30 12 130 0.75 13
2 30 |35 |30 [0625 |5
2 0 35 30 0625 5
|35 ] 808 0 [05 |15
1-35 |30 1-8.08 |30 [05 [15
|-2 |30 |2 |20 075 [13
2 30 |38 30 [0.625 |5
2 30 35 30 /25E1 | 0625 |5
[35 |30 7.73 130 [05 (14
|05 14

#14 |5

|14 |5

[075 |53

[0.625 3

|0.625 |E

|05 I3

05 13

[05 |7

/35E1__|0.75 |43

0.625 23

[05 13

|0.625 |23

05 13

|05 [14

[05 14

[0.75 |49

0625 23

|05 |3

(0625 |23

05 |E

05 19

[0.05 19

|05 7
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Interactions between Antennas in a 10/15/20m Stack

All 3 Antennas

EXNEC Input »
Model with 15m currents

Wires
HNo. | End1 | End2 | Diameter [ Segs]|
X K [2m [Conn  [X (1) [¥ [Z [ in) |

|2 130 [wagl  [9 [2 130 [0.75 113
2 30 35 |30 [0.625 5
-2 |30 35 30 |0.625 |5
135 (30 IEEH |20 [05 [18
35 30 897 30 05 |18
2 30 2 30 [075 [13
2 0 35 30 0625 5
2 ] 35 |30 [0625 |s
135 0 833 30 05 |16
135 |30 [EES] |30 |05 |18
-2 0 |2 30 [0.75 [13
H 30 35 |30 [0.625 [5
|2 130 35 |30 [0.625 |8
35 30 826 30 05 [15
135 |30 |82 |20 05 |18
-2 30 12 130 0.75 13
2 30 |35 |30 [0625 |5
2 0 35 30 0625 5
|35 ] 808 0 [05 |15
1-35 |30 1-8.08 |30 [05 [15
|-2 |30 |2 |20 075 [13
2 30 |38 30 [0.625 |5
2 30 35 30 /25E1 | 0625 |5
[35 |30 7.73 130 [05 (14
|05 14

#14 |5

|14 |5

[075 |53

[0.625 3

|0.625 |E

|05 I3

05 13

[05 |7

/35E1__|0.75 |43

0.625 23

[05 13

|0.625 |23

05 13

|05 [14

[05 14

[0.75 |49

0625 23

|05 |3

(0625 |23

05 |E

05 19

[0.05 19

|05 7
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Interactions between Antennas in a 10/15/20m Stack

20m Moxon ~ 14.15 MHz

Total Field

Total Field 0dB

* Primary

20m_EL-all three 0dB

|

o R v
-\
-
;
. j N

=10 :
- 1

Ny =15 -

-

EZNEC+

* Primary
20m_AZ-all three

14.15 MHz

Rotator Direction

RED - by itself: FG ~ 10dBi F/R~ 17 dB
Blue — all three: FG ~ 10dBi F/R~10dB
A: +0dB -7 dB

International
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Interactions between Antennas in a 10/15/20m Stack

10m 5EL Yagi ~ 28.3 MHz

Total Field EZNEC+

Total Field
* Primary
10m_EL-all three 0 dB
- '5 - =

- =
j "
-

28.3 MHz

Rotator Direction

RED - by itself: FG ~ 13dBi F/R~ 18 dB
Blue — all three: FG ~ 11.5dBi F/R~21.5dB
A: -1.5dB +3.5 dB

[F/B ~ 31 dB]
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Interactions between Antennas in a 10/15/20m Stack

Tomrrie] 1oM Dipole @ 15m ~ 21.2 MHz

* Primary
15m_EL-all three

Total Field

048 EZNEC+

{,_Rotator Direction |

Rotator Direction

Gain Direction

Blue — all three: FG ~ 7.6dBi F/R~2.6dB
A: +1.2dB +2.6 dB

RED - by itself: FG ~ 6.4dBi F/R~0dB [G@90° - 1.5dB]
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Interactions between Antennas in a 10/15/20m Stack

————15m Dipole @ 17m ~ 18.1 MHz

* Primary
17m_EL-all three

Total Field 048 EZNEC+

* Primary
17m_AZ-all threg

0dB

‘ -0.8 dBi

-8 dBi

Rotator Direction

RED - by itself: FG ~ 3.4dBi F/R~0dB [G@90° -7.2dB]
Blue — all three: FG ~ 1.2dBi F/R~1.5dB
A: -2.2dB +1.5 dB
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Interactions between Antennas in a 10/15/20m Stack

Total Fiel|

15m Dipole @ 12m ~ 24.9 MHz

* Primary
12m_EL-all three 0 dB

Rotator Direction

Gain Direction

RED - by itself: FG ~ 4.3dBi F/R~0dB [G@90° - 1.9dB]
Blue — all three: FG ~ 7.1dBi F/R~2.8dB
A: +2.8 dB +2.8 dB
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Interactions between Antennas in a 10/15/20m Stack

Conclusions
A Fwd Gain* A F/R* Usage
*20m +0dB -7 dB normal
*17m -2.2dB +1.5dB reverse
*15m +1.2dB +2.6dB reverse
°12m +2.8 db +2.8 dB reverse
e 10m -1.5dB +3.5dB normal

* From model results of antennas by themselves.
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Interactions between Antennas in a 10/15/20m Stack

Current Results: as of 3 April ~ all at Low Power / < 100w.

Band | Overall | Phone | oW | Digital__|feween
Confirmed = 2 262 187 171 155
Countries 17 228 52 38 191 DXCC:
15 248 155 155 183 | 228/300W
12 216 26 33 173 [Honor Roll = 331]
10 230 177 140 127 DX Challenge:
1898c/1924w
Band | Overall |Phone | cW | Digital  [EUSSEEE
Confirmed 20 50 50 48 50
States 17 50 5 1 50
15 50 42 43 50
12 50 1 0 50
10 50 50 49 50
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Interactions between Antennas in a 10/15/20m Stack

However... More work to be done...
6m Yagi nearby with 22’ boom: resonant @ ~23 MHz.
2m Yagi nearby with 17.3’ boom: resonant @ ~28.5 MHz.
432 Yagi nearby with 11.4’ boom: resonant @ ~43 MHz.
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Thank You!

https://www.qsl.net/wldyj/
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Appendix

Abstract, etc.

Analysis Methodology

Details of Models of Individual Antennas
20m Moxon
10m Yagi
15m Dipole

Details of Models of All Three Antennas

HF Antenna Stack Analysis - April 2025 Page 42 W1DYVYJ ~ Larry Banks

bx
INDEXA



Abstract

Interactions between Antennas in a 10/15/20m Stack

In 2000 | homebrewed a 5-element 10m Yagi and put it on a roof tower. In 2004 |
added a 20m homebrew Moxon. Finally, in 2010 | added a homebrew 15m dipole.
Recently with the improving sunspot cycle, | now and then heard something | didn’t
understand. Recent modeling revealed counterintuitive antenna patterns.

Licensed in 1961 as novice KN1VFX, Larry became W1DYJ in 1966. After acquiring three
degrees in EE from MIT, Larry was hired in 1969 by Hewlett-Packard Medical's Cardiac
lab in Waltham MA (later in Andover MA,) working on Electrocardiographs and then
Cardiac Ultrasound systems. He moved to HP Medical Education in 1993, responsible
for technical and project management training. When HP split apart, he became
Agilent Technology’s global program manager for their Learning Management System.
"Retiring" in 2005, he consulted for Avago (now Broadcom) on eLearning technologies
through 2012. He now spends his time chasing DX and contesting in Woburn, playing
with antennas, traveling with his wife Maren, and attending many jazz and classical
concerts. He is the net manager and newsletter editor for the MMRA, publications
editor for HamXposition, and a member of the YCCC.
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Ham Radio ~ Who Am 1?

Mom was a high School cafeteria worker. Dad was an electrician and had a dual
workshop: woodworking and electronics (my two continuing favorite hobbies).
They both highly valued education.

* Asakid: | “played” in his workshop, had an erector set,
and read all the Tom Swift books...

* Built a crystal radio when | was 12 (1958) —the first station heard was the BBC
and | was hooked on radio.

* Obtained my ham radio license at 15 in 1961 (a junior in HS).

* Went to MIT (SBEE’67, SMEE’69, EE’70)
in part because of my ham radio experience.

* Hired (1969) by HP Medical (Waltham/Andover) developing hospital cardiac
instrumentation (electrocardiographs, then real-time cardiac ultrasound)
in part because of my practical experience with ham radio.

* Moved to HP/Agilent Corp Ed (project management experience) in 1993

* “Retired” in 2005; then part-time consulted for Avago (now Broadcom) as their
eLearning platform WW PM

* Finally retired (for real) in 2012 — now play with ham radio
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W1iDY)J] 160m - 30m Antennas

75/160

\

infanfeo I

75f160

e mmss= 230 -coil =40
30
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W1DYJ 20m - 70cm Antennas

2m 11el Yagi
8 BOfa0/30m Dipole

R S —

s T0cm 17el Yagi
B 15m Dipole — also 12/17 G- y
| 10m Sel Yagi ! : ‘

. e | e o i e

2/70 Stick |

e -! 220GP — in attic :
6m GP — in attic g — = 75/160 Dipole
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Analysis Methodology

 EZNEC analysis of each antenna
* 20m Moxon
* Model Details
* Frequency sweep: 10 - 30 MHz
* Detailed sweep @ 20m
* El / Az RF pattern @ 20m
(@ SWR,,;,,)
* 15m dipole
* As above, but for 17, 15, & 12m
* 10m 5el HB Yagi
* As above

 EZNEC Analysis of the three

antennas combined together
* Including SARK 110 SWR
measurements of each antenna
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Upper HF Antenna Stack

20m HB Moxon

2004
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20m Moxon ~ Model Details (buitt in 2004]

- 25'6"
T el « »
- = ] RSP _
" \\. 4 "‘“T \ 5/8" x. &' ,(-J __3_{4_2‘_6___.}—_v—4.__;_~___ _-— =
T NG 37 10" x 1 3/4" Boom S-Br;;‘rgg::lae
"\\ S over\a'p/ AT KT |
N > ikt R |
. ", 5 6" x 38"
™ \ S5aN \‘1 /9" % 4' Q" 3 B@ Fiberglass
. 93 ¥
H . '\‘_ I .‘ iR | 3 [
E 10.87" 11420 x 2 55 L N
3y \--. R ™ g 932" hole
S N = oo u \\‘f" e 13/4" OD Mast 2 spacing
2 . 13 Fiberglass *\\\ e T
N aagy 1/2" break ™ .
T gt am in driven q " % 518" Fiber
12" x3'7 element"----.h__fr‘_‘% _)/,1 8" Fiberglass =2
! : C o [
l_'_l
No. End 1 End 2 Diameter | Seas INF
X (i) [ i [Z m [Comn X i) [ i [Z i [Conn  [iin)
[1 |45 |6 |36 W4E1 |45 |8 |38 W2E1  |075 |43
|2 |45 I3 [36 |45 1155 |345 [ 0,625 [23
|2 45 [11.55 [345 |-45 [123 [343 |05 [3 10 paupgpndiiss
| EEYS |6 [3s |-45 [-11.55 [345 | 0.625 |23
(5 |45 [-11.56 [345 |-45 [123 |34.3 |05 |3 b i
(¢ |45 [123 [343 0.92 [123 |34.3 |05 [14 5 i 3
[7 |45 [-123 [343 092 [-123 [343 |05 [14 i
[z 475 [6 |36 4.75 [6 |36 |0.75 |49 SWR !
475 [6 |36 475 [1158 (345 06285 |23 : i
475 [1155  [345 475 [123 [343 |05 3 3 ; i
475 5 * 475 1155 345 0.625 23 | e 35
4.75 [1155 (345 [4.75 [123 [343 [05 [3 fiit Sweep: 10-30 MHz @ 0.1 step ;
|13 (275 [123 [343 [0 [123 [343 ‘ |05 [13 paii SWR: 1.01:1 @ 14.2 MHz :
[14 [4.75 [123 |343 [0 [123 |343 |05 [19 2 L Z=48.56 @ -0.54° =48.56 —j0.4609 Q :
g % . - 120 s £ 105 i i [with transmission line]
Transmission Lines 15 ;_ i
No. | End1Specified Pos. | End14ct | End2SpecifiedPos. | End2act | Length | 20 [ vF | Rev/Nom Loss | LossFreq | & pibs
[wiett  [%FomEl [ %FromE1 [wie # % FromE1 | % From E1 [ () Jiohms) || (@001 [MHz) | i
1[5 |50 |50 1 |50 |50 70 |0 |08z [N [1.25 Ji | i
1:d 4
Sources 1
No. Specified Pos. Actual Pos. Amplitude Phase | Type e s L — =
5 DX
wire # [ % FromE1 | % FromE1 [ Seq | V. 4) (deg.) ] Assodiation
3 15 50 = 1 ] 0 | File: 20m-droop_XmsLn_2023_05
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20m Moxon ~ EZNEC Sipulation Results

INF

Sweep: 13-15 MHz @ 0.01 step

SWR: 1.058:1 @ 14.19 MHz

Z=51.35-j2.507 Q

[without transmission line]

e
2 2 i
1.5 15 M s
¥ "
14 ‘?1‘3\:& 11 : i e
1 1 M
13 Freq MHz 15 13 Freq MHz 15
Total Fiert FZNEC+ otal Field 0d8B EZNEC+ Total Field EZNEC+
Without Transmission Line
0dB
14.19 MHz 14.15 MHz 14.15 MHz
Elevation Plot Cursor Elev  25.0 deg. [Azimuth Plot CursorAz  180.0 deg. Elevation Plot Cursor Elev  155.0 deg.
Azimuth Angle 0.0 deg.  Gain -7.26 dBi Elevation Angle 25.0deg.  Gain 10.02 dBi Azimuth Angle 0.0 deg. Gain 10.02 dBi
Outer Ring 10.87 dBi -18.14 dBmax Outer Ring 10.02 dBi 0.0 dBmax Outer Ring 10.02 dBi 0.0 dBmax
3D Max G 10.87 dBi e dmae 0.0 dBmax3D e
Sl|c;?)1(axa<;r;in 1087 i @ Elev Angle = 155.0 de OO TEE e
5 " idth 30.2 deq. -3dB 1:?7 27 167.4d ¥ Slice Max Gain  10.02 dBi @ Az Angle = 180.0 deg. Slice Max Gain  10.02 dBi @ Elev Angle = 155.0 deg.
eamwidt -2deg.; -3dB @ 137.2, 167.4 deg. Front/Back 17.07 dB Beamwidth 30.1 deg.; -3dB @ 137.3, 167.4 deg.
Sidelobe Gain  -7.26 dBi @ Elev Angle = 25.0 deg. poIRing - : .
Fron/Sidelobe  18.13 dB Beamwidth 81.2 deg.; -3dB @ 139.4, 220.6 deg. Sidelobe Gain -6.97 dBi @ Elev Angle = 20.0 deg.
’ Sidelobe Gain  -7.05 dBi @ Az Angle = 0.0 deg. FrontSidelobe  16.99 dB
Front/Sidelobe 17.07 dB
oxfe g DX O
%p v’ N
. . % ox S 0, TN
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Sweep: 13-15 MHz @ 0.01 step

' SWR: 1.017:1 @ 14.19 MHz
2=49.2 @ 0.31° =49.28 +j0.266 Q
\ [with transmission line]
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Upper HF Antenna Stack

10m HB 5-EL Yagi

2000
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10m 5el Yagi I~ Model Details from YW (uuitt in 2000

LWB-510-24H.YW, S510-24H.YW, 5-ele., 24' boom, heavy-duty elements

28.0 28.4 2B.8 MHz ol 5 El ~10M 24' boom Yagi 7000 ™"
5 elements, inches Based on ARRL Antenna Book, p.1
2.405 0.750 0.625 0.500 &= 17th edition, 1994, p11-10
0.000 2.000 22.000 18.000 65.625
2.405 0.750 0.625 0.500
36.000 2.000 22.000 18.000 58.000
72.000 2.000 22.000 18.000 57.12S
171.000 2.000 22.000 18.000 55.000
2

282.000 .000 22.000 18.000 50.7350

Match frequency: 28.4 MHz
Driven—element tip: 58.0 inches

Cable 20: 50.0 ohms ARRL Design, YW Simulation !
Gamma rod diameter: 0.25 inches .
Gamma rod spacing: 6.0 inches

Gamma capacitance = 45.8 pF i places b

Gamma rod length = 15.44 inches

Original file name: C:\PROGRAM FILES (X86)\ARRL\ANTBR21\YAGIS\510-24H.YW

NOTE: the lengths of the 0.750" o.d. sections have been reduced by the

lengths of the 2.405" o.d. sections which simulate mounting plates, which "= :Ef]'r?:-vwaill ?us:-mmn. raz-snt.:rii: ma'm:ﬁ; gvz-ii:rzjn
are elements will withstand 125 mph winds. el
. . . . 9 - :1— 282° -— T L— e Im— 36" —»
This design was optimized for F/R over band > 20 dB, and SWR over the band . ! ! E“’I
< 2:1’ and a mid-band free—}apace gain of 10.4 dBi. 2:_,. o ] 1 o L 1 1 1 5 Il L 1 L ‘ﬂ'l plrr bt ‘5.""'I'I'I'|"”""m":"" rl
10m5elH b Yagi W1DYJ 20-May-23 :
i Ll = No. End1 End 2 Diameter | Segs|*
3 End 1 [ End2 | Diameter | :
4 Element [Wire# | X(f) | V(f) | 2(®) | X() | Y(f) | 2(f) | (in) " | - Fadi L] I Y (i) ] Z (i) Cw X () l R I Z [ft) (in) |
5 1 9 2 20 9 2 30 075 13 __!_ | |9 |-2 130 |9 |2 130 W 075 |13
6 2 s 2 30 s 35 30 0.625 5 2 3 30 W1E?2 3 35 30 WAE1 0625 5
7| Ref 3 s 2 30 9 35 30 0.625 5 —1 t . - 1 1 { B I
8 ‘ 4 s 3.5 30 9 8.97 30 0s 18 | 13 3 30 W1E1 9 -3.5 30 WE5E1 10,625 |5
B 5 3 35 30 ) -8.97 30 05 18 4 [ 3 30 I'q 597 30 05 18
10 6 6 =2 30 6 2 30 0.75 13 j— = + 1 + + - + i
1 7 6 2 30 6 35 30 0.625 5 S E |9 130 |9 |-8.97 130 105 |18
12| ©DE 8 6 2 30 6 35 30 0.625 s 5 5 30 5 [2 30 - 0.75 13
13 9 6 35 30 6 8.33 30 0.5 16 f—t— — 1= T— —— T
14 10 6 -3.5 30 6 -8.33 30 0.5 16 | [ B 30 B 3-5 30 9_52__5 i | 5_
15 11 3 2 30 3 2 30 075 13 g 5 30 3 35 30 0625 5
16 12 3 2 20 3 35 30 0.625 s =
17| oIl 13 3 2 20 3 =3%5 30 0.625 5 3 B 30 6 18.33 30 05 16
18 14 3 35 30 3 8.26 30 0s 15 5 30 3 833 30 05 16
19 5 3 35 0 3 8.6 20 05 15 42 o e 12 B ) il ! L
20 16 5.25 2 30 525 2 30 075 13 |3 130 13 |2 130 U 75 13
2 17 5.25 2 30 -5.25 35 30 0.625 5 3 30 3 35 30 0625 5
2 DI 18 -5.25 2 30 525 35 30 0.625 s + { 4 ! ! - — I
23 19 5.25 35 30 -5.25 8.08 30 0.5 15 | 3 | 30 | 3 I -3.5 | 30 w15E1 | 0.625 | 5
24 20 5.25 3.5 30 -5.25 8.08 30 0.5 15 3 30 3 8‘25 30 U. 5 15
25 2 145 2 30 145 2 30 075 13 + . 1 t . - t {
26 2 -1a5 2 30 4.5 35 30 0.6 | s 3 30 [3 -8.26 30 0.5 15 |~
27 Dir3 23 -14.5 -2 30 -14.5 -3.5 30 I 0.625 5
28 24 -145 3.5 30 -14.5 7.73 30 0.5 14 "
2 25 145 35 30 15 773 30 o5 14 International
30 DX
Association

W 4> W] sheetn sheetz ¥

] — ] 1
Ready [EEEFTTS o G)J;I
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10m 5el Yagi I1 ~ Model Details >> EZNEC

No. End1 End 2 Diameter | Segs
X (1) [ 1) Z ) | Conn % [f) [v m (in)
vl E |-2 30 e B [2 |0.75 113
2 |9 |2 30 |3 135 | 0625 (5
B EE [-2 |30 e [-35 | 0,625 |5
s |9 |35 |30 E] 18.97 |18
N EE [-35 130 |9 |-8.97 [18
NG 2 130 |6 |2 [13
|7 s |2 130 (B |35 |5
HEEG |-2 130 (5 |35 |5
HEG [35 [30 |6 [16
I R |-35 |30 |6 |18
13 2 130 [3 [13
I EEE |2 130 3 [5
I EENE [-2 130 E 5
I KT [35 |30 3 115
|3 |35 130 12 15
IS 12 130 |5 13
K |-2 |30 15
|35 130 15
|5 [-35 [30 [15
145 |-2 JEl] [13
125 |2 130 {5
145 2 130 5
|145 [35 130 [14
[145 -35 130 [14
- ) S
- N oy
T L o ~~
- T . W et
[ s L NN s,
S it oM N | M
TN PN = a0 N
. ng Y o 2,
N L '\1'3 h,\
2‘#:‘l_'_ . 1ﬁl ™, 1}5\ u
2 " B
. %,
2
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Sources
Mo. Specified Pos. Actual Pos. Amplitude Phase | Type
wire # | % FromE1 | % FromE1 [ Seq | (v, 4) (deg.)
pl1 |B |50 [50 7 |0
Total Field EZNEC+

28.3 MHz 28.3 MHz

Azimuth Plot CursorAz  180.0 deg. Elevation Plot Cursor Elev  15.0 deg
Elevation Angle 15.0 deg. Gain 15.15dBi Azimuth Angle  180.0 deg Gain 15.15 dBi
Outer Ring 15.15 dBi 0.0 dBmax Outer Ring 15.15 dBi 0.0 dBmax

0.0 dBmax3D 0.0 dBmax3D
3D Max Gain  15.15dBi -
Siice Max Gain  15.15 dBi @ Az Angle = 180.0 deg 30 Max Gain  15.15 dBi
Front/Back 317348 Slice Max Gain  15.15 dBi @ Elev Angle = 15.0 deg.
Beamwidth 53.4 deg.; -3dB @ 153.3, 206.7 deg Beamwidth 15.7 deg.; -3dB @ 8.1, 23.8 deg.
Sidelobe Gain  -10.57 dBi @ Az Angle = 300.0 deg Sidelobe Gain  6.28 dBi @ Elev Angle = 50.0 deg
Front/Sidelobe  25.72 dB Front/Sidelobe  8.87 dB

Z2=419 @ -45°

Sweep: 10-30 MHz @ 0.1 step
SWR: 2.48:1 @ 28.3MHz

=29.52 -j29.756 Q
[without transmission line]

10
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10m 5el Yagi 111 ~ Add matching section

HF Antenna Stack Analysis - April 2025

Page 54

No. End1 End 2 Diameter | Segs . .
1 ?

TR S AT T C T T e | How to match this to 50 Q coax? A gamma match is hard to
1ERE! 1-2 [30 [W3ET |3 12 |30 W21 075 113 || model. 1t attempt: use a matching %A length of ??? Coax.
12 |8 12 !30 /1E2 198 135 130 | 1 | 0.625 |5
IENE |-2 |30 19 ;-3‘5 2_30 | WS | 0.625 15 |
1E k] ‘:3.5 !3!] 13 |8.97 ;3!] | |05 118 | Z = x42 1/2 ~ 4 A4 =2. m-= .7’
5 |9 |35 130 ] 897 |30 . 05 [18| conx = [50%42] 6 /428 31z 65 8
1L |-2 !30 L3 |2 ;30 |0.75 113 |
17 |6 |2 |30 2 |6 |35 :30 |0.625 19 | Sources
i g ,"325 'gg g ;;}3353 gg [W10E1 .3225 ,55 | No. Specified Pos. Actual Pos. Amplitude Phase | Type

E] |3 [ ) | 1 : s <
T 56— Ta0 B e - - e Wire # | % From E1 | % FromE1 [ Seg [ (V. 4) (deg)
IEEENE 2 |30 1 13 2 30 wW12ET | I _ ‘ |1 | 26 |50 [50 3 |1 |0 [l
IEERE [2 [30 E2_ |3 135 |30 A4E1 | [5s |
1 EME [2 30 I E [35 [ [WisE1 o |5 NE
I E [35 (30 |3 il IET [ o 15|
5[5  [35 |30 3 [8s [: | o5 [15
115 [5.25 g2 130 1525 12 130 |WI7ET | 0.75 13|
17 [525 |2 30 VR R E E1[0625 |5 -
e [525 |2 [0 | [525 |35 [ [W20E1[0625 |5
[[15 (525 (35 [30 [525 (808 (30 A los s
[[20 | 525 |35 [30 | 525 |-8.08 [30 | o [
[[21 |45 |2 |30 1 [145 |2 |30 261 [0, [ 5
[[22 |45 [2 [30 z_|145 [35 [30 1o, [5 |
22 145 |2 [30 1 [145 [-35 |30 [W25ET__|0. 5 | 1ISWR
24 |45 [35 [30 k214, [7.73 |30 . 0. [14 |
125 [145 |35 130 [W23E?2 773 |30 . 0 [14 3
2% |8 1 25 1 25 Sweep: 10-30 MHz @ 0.1 step
e —————————— SWR: 2.4:1 @ 28.3MHz
Transmission Lines O
No. | End1Speciied Pos. | End1Act | End2SpecifiedPos. | End2act | Lengh | 20 | WF [ Rev/Nom loss | LossFreg | 2 Z=51.19 @ 44.67
[wie#t  [%FomEl [ %FomEl [Wiett  [%FomEl [ %FiomE1 | (1) Jobms) || (de100f) | (MHz) | =36.4 +j36.0 Q
DS =0 [50 I3 150 |50 (87 % (1[N 0 |28 | e o .
- : - : [without transmission line]
1.5
-t AN .':*:-; i
N R 1.1
AN NN 1
Sy PORONL BN e 10 Freq MHz 30
. : W LN .
N\ : w ST A
h N : e[ Y LN .
24 RN - \,5 o, % wave section Z
R N W None 41.91 @ -45.23° 29.52 -j43.23
24 3 45Q 48.97 @ 44.70° 38.81 +j34.44
s, by, ° . International
>, 46 Q 51.19 @ 44.67° 36.40 + j35.99/£) DX,
) Association
28 <
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10m 5el Yagi IV.1 ~ Add transmission line

End1 End2 Add a Transmission Line: RG-8X of 70’
¥ () [ i [z [Conn  [X 0 [ i [z = Ifenemssin Lines
E] 2 30 w3 E] 2 30 No End 1 Specified Pos. | End14ct | End 2 Specified Pos. | End2Act | Length 20 WF | Rev/Mom Loss Loss Freq
IE] 2 30 [wiez |9 135 30 Wil [%FomE1 [ %FromE1 [wiet [ %FromE1 [ %FromE1 [ (1) {ohms) (dB/100 ft) [MHz)
E |2 |30 E |35 |30 T Bs [5]s0 [50 IB 150 |50 (87 4% 1N o |28
E |35 |20 £2_|9 [ag7 [20 R 50 |50 |26 |50 |70 50 082 |N [iE 28
E |35 |30 B |897 [30 '
3 2 30 3
G 2 30 G Sources
. 2 s . No. Specified Pos. Actual Pos. Amplitude Phase | Type
:g i-gﬁ gg :g Wire # I % FromE1 | % FromE1 | Seg | [V.A) [deq.)
IE 3 T30 T3 1 _[2? 50 50 3 |1 |0 |
BE 2 -2 i 1 ! | |
3 35 30 3
3 (35w 13 L
525 2 130 5.25
5.25 |2 |30
525 [2 [30
525 |35 |30
5.25 [35 [30
145 2 [30 L
[145 [2 [30 s
145 2 30 T
[145 [35 [30 5 i
[145 [35 [30
3 1 %
|20 1 |5 SWR
3 .
. 5 N Sweep: 10-30 MHz @ 0.1 step
s e, "};_ SWR: 1.84:1 @ 28.3MHz
AN o S N L 2=37.85 @ 29.27° =33.02 +j18.512 Q
. " MO YN e £ [with transmission line]
S o N LS LS '
19 e - N
-, ‘*?-\\. b F H ) : a“ "\ .E':\ 15
2 SO\ ] N B,
2 TR W, N,
¥2 - (1 ﬁ\ ~ 15\
\Y jomeemo B 1.1
2 kN 1
23. e
2 10 Freq MHz 30
% 18]
"y . . International
Sy File: 10m-HB-5el-Yagi_matched-XmsLn.EZ : DX
- ssociation

HF Antenna Stack Analysis - April 2025

Page 55

W1DYIJ ~ Larry Banks

INDEXA




10m 5el Yagi IV.2 ~ Response @ 10m

Total Field 0d8 EZNEC+ INF
10
Sweep: 27-30 MHz @ 0.01 step
SWR: 1.84:1 @ 28.32MHz
Z=38.39 @ 29.59° =33.38+)18.96 Q e
5 [with transmission line] i ]
R r.l i
SWR . -
28.3 MHz - Y
" -
Azimuth Piot CursorAz  180.0 deg. 3 sihgn It
Elevation Angle 15.0 deg. Gain 13.43 dBi ur A
Outer Ring 13.43 dBi 0.0 dBmax it I
0.0 dBmax3D wpln
3D Max Gain  13.43 dBi i 2
Slice Max Gain 13.43 dBi @ Az Angle = 180.0 deg. s )
Front/Back 31.67dB 2 in
Beamwidth 53.4 deg., -3dB @ 153.3, 206.7 deg. -y
Sidelobe Gain  -12.32 dBi @ Az Angle = 300.0 deg. il
Front/Sidelobe 25.75 dB
Total Field EZNEC+
- 15
1.1
1
27 Freq MHz 30

28.3 MHz

Elevation Plot Cursor Elev  165.0 deg.
Azimuth Angle 0.0 deg. Gain 13.43 dBi
Outer Ring 13.43 dBi 0.0 dBmax

0.0 dBmax30
3D Max Gain 13.43 dBi
Slice Max Gain 13.43 dBi @ Elev Angle = 165.0 deg.
Beamwidth 15.7 deg.; -3dB @ 156.2, 171.9 deg.
Sidelobe Gain  4.55 dBi @ Elev Angle = 130.0 deg.
Front/Sidelobe 8.88 dB

HF Antenna Stack Analysis - April 2025
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Upper HF Antenna Stack

15m HB Dipole

2010

HF Antenna Stack Analysis - April 2025 Page 57 W1DYIJ ~ Larry Banks

INDEXA



15m Dipole™ Model Details buitin 2010

HF Antenna Stack Analysis - April 2025

Page 58

15M Rotatable Dipole Design Goal:
N ber 2010 3
s u el SWR: < 2:1 from 21.0 MHz => 21.45 MHz
W5 W3 Wi w2 w4
- 23" »-
15 of 58" a= o A"
AL tubing T xS AL e irmert S Fibailies irsarl T x S AL tube imer] AL wabing
* = - = — - - 3 -
Ll Py 6" x %" Al Tubing T x 37 Al Tubing ¥ x % Al Tubing & x %" Al Tubing ol W
AL ubing AL fubing
L:
oy —
INF
Sweep: 10-30 MHz @ 0.1 step
‘ [with transmission line]
ey
. 10 e
] N
NS
5, 3 b |
""--& % by
SWR 7=269.9 @ -17.42° : 9
- — —_ — 3 =257.5-j80.79 Q ! ; i
0. ni 1 lameter egs i \n . . #
XM [vim [z  [Com [X® Y@ |2 _ [Com |(n) & e SR (@ 24'9,MHZ b
1] |3 [33 W32 |0 E] [33 W21 (075 |53 i 2=167.6 @ 22.12 i
0 E] 33 0 10.25 3 MAE1 0625 3 . _ : B
|2 o [1025 |33 [ I [33 /ET 0625 |3 5 ¥ : =155.2 + j63.1 Q :
| EXEIY] |10.25 |33 |0 I 133 |05 |3 "'-; r"'
[5 [0 [ EE [0 [1025 (33 WET__ |05 [3 ] !
[ |20 1 3 20 1 EE, 05 7 ¢ i
‘ 1 5 ] 5 ‘ . SWR: 1.31:1 @ 21.2 MHz Al
Mo. | End1SpecifiedPos. | End1act | End 2 Specified Po Tlla;s::ﬁLlim: th | zo | vF [ReviNom| L | LossF | Z=39'10@-6'13°
0. pecifies S, n n pecified Pos. (i £ng ev/Nom 035 s Freq .
[Wie#t [ %FomET | % FromEl [Wie# | %FromEl | 2 FromE1 | (1) [ || [@nmn__ | MHa) | =38.9 -j4.178 Q ol
13 ~]50 |50 1 150 |50 165 |50 |082 [N [157 |22 |
1.1
Sources 1
— - 10 Freq MHz 30
No. Specified Pos. Actual Pos. Amplitude Phase | Type
wire # | % FromE1 | % FromE1 [ Seq | (V. 4) (deg.)
ik ‘B | S0 50 |4 /1 [0 | |

International
DX

Association

File: 15M_Rot_DP-XmxLn.EZ
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15m Dipole™ EZNEC Simulation Results: 15m

Sweep: 20-22 MHz @ 0.01 step

SWR: 1.39:1 @ 21.2 MHz

Sweep: 20-22 MHz @ 0.01 step

10 . 10 SWR: 1.1:1 @ 21.18 MHz
Z2=68.57 —j5.297 Q o
[without transmission line] £=39.04-5.83
. =38.84 —j3.963 Q
[with transmission line]
SWR SWR
3 pu ua i
2
15 s
1.1 frenanasn HH K, it
20 Freq MHz 22 1
20 Freq MHz 22
i L. . Total Field EzZNeC+] | Total Field EZNEC+
Without Transmission Line — .
21.2 MHz
212MH ’
Elevation Plot Cursor Elev  20.0 deg. i S
Azimuth Angle 0.0 deg. Gain 7.44 dBi Azimuth Plot CursorAz 0.0 deg. Elevation Plot Cursor Elev  20.0 deg.
Outer Ring 7.44 dBi 0.0 dBmax Elevation Angle 20.0 deqg. Gain 6.41 dBi Azimuth Angle 0.0 deg. Gain 6.41 dBi
0.0 dBmax30D Outer Ring 6.414d8Bi 0.0 dBmax Outer Ring 6.41dBi 0.0 dBmax
3D Max Gain  7.44 dBi 0.0 dBmax3D 0.0 dBmax3D
Slice Max Gain 7.44 dBi @ Elev Angle = 20.0 deg. 3D Max Gain 6.41 dBi 3D Max Gain 6.41 dBi
Beamwidth 21.1 deg.; -3dB @ 9.6, 30.7 deg. Shice Max Gain .41 dBi @ Az Angle = 0.0 deg. Slice Max Gain 6.41 dBi @ Elev Angle = 20.0 deg.
Sidelobe Gain  7.44 dBi @ Elev Angle = 160.0 deg. Front/Back 0.01d8 Beamwidth 21.1 deg.; -3dB @ 9.6, 30.7 deg.
Front/Sidelobe 0.0 dB Beamwidth 81.4 deg.; -3dB @ 318.3, 40.7 deg. Sidelobe Gain 6.4 dBi @ Elev Angle = 160.0 deg.
Sidelobe Gain 6.4 dBi @ Az Angle = 180.0 deg. Front/Sidelobe 0.01 dB
Front/Sidelobe  0.01 dB

HF Antenna Stack Analysis - April 2025
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15m Dipole~ El/Az Patterns on 17m, 15m, & 12m

18.1 MHz,  ‘thTransmissiontine 99 2 MHz. 24.9MHz.

Total Field 04dB EZNEC+ OtalTien 0dB EZNEC+
Total Field 0dB EZNEC+

3.41 dBi 18.1 MHz 6.41 dBi 21.2 MH2 4.38 dBi 24.9 MHz
Azimuth Plot CursorAz 0.0 deg. Azimuth Plot CursorAz 0.0 deg. Azimuth Plot CursorAz  180.0 deg.
Elevation Angle 25.0 deg. Gain 3.41 dBi Elevation Angle 20.0 deq. Gain 6.41 dBi Elevation Angle 15.0 deg. Gain 4.38 dBi
Outer Ring 3.41dBi 0.0 dBmax Outer Ring 6.41 dBi 0.0 dBmax Outer Ring 4.38 dBi 0.0 dBmax

0.0 dBmax3D 0.0 dBmax3D 0.0 dBmax3D
3D Max Gain 3.41dBi 3D Max Gain  6.41 dBi 3D Max Gain 4.38 dBi
Slice Max Gain 3.41 dBi @ Az Angle = 0.0 deg. Slice Max Gain 6.41 dBi @ Az Angle = 0.0 deqg. Slice Max Gain 4.38 dBi @ Az Angle = 0.0 deg.
Front/Side 11.77 dB Front/Back 0.01dB Front/Side 19.42dB
Beamwidth 87.4 deg.; -3dB @ 316.3, 43.7 deg. Beamwidth 81.4 deg.; -3dB @ 319.3, 40.7 deg. Beamwidth 75.6 deg.; -3dB @ 322.2, 37.8 deg.
Sidelobe Gain 3.4 dBi @ Az Angle = 180.0 deg. Sidelobe Gain 6.4 dBi @ Az Angle = 180.0 deg. Sidelobe Gain  4.38 dBi @ Az Angle = 180.0 deg.
Front/Sidelobe  0.01 dB Front/Sidelobe  0.01 dB Front/Sidelobe 0.0 dB

Total Field EZNEC+

18.1 MHz 249 MHz
21.2 MHz
Elevation Plot Cursor Elev  25.0 deg. - Elevation Plot Cursor Elev  15.0 deg.
Azimuth Angle 0.0 deg. Gain 3.41 dBi Ee":‘;:"AF:": — g‘“’:” Elev g‘:? :;,9' Azimuth Angle 180.0deg.  Gain 4.38 dBi
Outer Ring 3.41 dBi 0.0 dBmax MU TGRS, 8.4 060 e 43 08 Outer Ring 438 dBi 0.0 dBmax
Outer Ring 6.41 dBi 0.0 dBmax
0.0 dBmax3D 0.0 dBmaxal 0.0 dBmax3D
3D Max Gain  3.41dBi 3D MaxGain  6.41 dBi ' 3D Max Gain  4.38 dBi
Slice Max Gain 3.41 dBi @ Elev Angle = 25.0 deqg. Slice Max Gain  6.41 dBi @ Elev Angle = 20.0 deg. Slice Max Gain 4.38 dBi @ Elev Angle = 15.0 deg.
Beamwidth 256 deg.; -3dB @ 11.1, 36.7 deg. Beamwidth 21.1 deg.; -3dB @ 9.6, 30.7 deg. Beamwidth 17.3 deg.; -3dB @ 8.6, 25.9 deg.
Sidelobe Gain 3.4 dBi @ Elev Angle = 155.0 deg. Sidelobe Gain 6.4 dBi @ Elev Angle = 160.0 deg. Sidelobe Gain  4.38 dBi @ Elev Angle = 165.0 deg.
Front/Sidelobe 0.01 dB Front/Sidelobe  0.01 dB Front/Sidelobe 0.0 dB
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Interactions between Antennas in a 10/15/20m Stack

All 3 Antennas
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All Three Antennas

Wires

End1 End2 | Diameter | Segs|
[ [z m [Con  [x [ m [z m [Comn  [ii)
] -2 |30 [WaE1 |9 |2 [30 W2E1 _ |0.75 113
[ 2 |30 [wiE2 |9 [35 [30 |0.625 5
| 2 [30 [WiET |9 35 [30 |0.625 15
[ 135 130 E] le97 [30 |18
| 35 0 E] 897 20 |18
| 2 0 6 2 20 [13
[ 2 |30 |6 [35 [30 5
I 2 [30 I3 [35 [30 15
E [35 0 6 833 20 |18
Il |35 |30 3 S [30 |18
| 2 0 3 |2 20 [13
[ | B 30 E] 35 [30 5
= |-2 [30 E] [35 [30 |5
[ 35 30 3 I3 20 |18
| 135 |30 |82 |30 |18
= 2 30 |B [30 [13
| 2 30 |35 |30 |5
[ |-2 [30 [35 [30 5
| [35 30 808 30 |15
| |35 |30 |-e08 |30 |18
Il 2 |30 |B |30 13
| 2 20 |35 20 |5
[ 2 30 35 30 |5
= |35 |30 7.73 |30 [14
= 35 30 |EAE] 30 [14
Il 1 25 1 5 |5
Il | |25 1 |25 |5
| |E] 3 9 [33 |53
I E] 3 [1025 33 3
= 1025 |33 ] [33 I3
| 10.25 EE 1 EE I3
Il JEL |33 025 (33 I3
| | 3 | |33 |7
| 3 |38 I3 E3 |43
= 3 |38 [11.55 U5 [23
| 11.55 [345 123 [343 13
[ I |3 [1ss (s 2
|| 1155 345 [123 [343 3
| 123 343 123 U3 [14
= [123 [343 123 [343 14
= 6 IE3 [6 |38 |43
] I3 13 [11.55 [345 |22
| 1155 [345 123 (343 13
|| I3 |38 1155 [345 23
|| 1155 345 123 313 3
[ 123 [343 [123 [343 13
] 123 [343 123 [343 |13
| I |3 K [38 7
*

Sources
No. Specified Pos. Actual Pos. Amplitude Phase | Type
wire # | % FromE1 | % FromE1 [ Seg | (V. 4) (deg))
1 ,P? |50 (50 |3 |1 0 |V
2 3 50 50 4 1 0 vV
3 |48 |50 (50 4 [1 0 |V
Source 1: 10m w27s3
Source 2: 17, 15, 12m w33s4
Source 3: 20m w46s4
T ——————
Transmission Lines
Mo. End 1 Specified Pos. | End 1 Act | End 2 Specified Pos. End2Act | Length Z0 WF | Rev/MNom Loss Loss Freq
\Wire # [XmeE1 % From E1 | ‘Wire # IZmeE1 % From E1 | (ft) [ohms) [dBA100 ft) [MHz]
| B x50 50 16 150 187 [6 1 [N 10 [28
1EBE 50 |28 |50 |70 |50 |os2 [N (13 |28
1 EEES 50 |28 |50 |65 [0 fos2 [N [157 |22
[1¢  [34 |50 |48 150 70 |50 [os2 [N [1.25 14
_J
e Ll H——— e i .
~al N e .
\_f,f L E "-t-_:
_ W
& m
a3
- — P e Ry o S
L L o . IR Ay Sy
4]
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All Three Antennas @ 10m

Source 1: 10m
Source 2:17, 15, 12m
Source 3: 20m

w33s4
w48s4

w27s3 1vdrive

Ov
Ov

0dB EZNEC+

Total Field

EZNEC+

INF

10

weep: 27-30 MHz @ 0.01 step

WR: 1.32:1 @ 28.26MHz
=41.72 @ 11.99° =40.81 +j 8.668 Q

WR: 1.38:1 @ 28.32MHz

5 -t
SWR %
3
28.3 MHz
28.3 MHz =
Azimuth Plot CursorAz 180.0 deg. 2 oy
Elevation Angle 15.0 deg. Gain 11.52 dBi Elevation Plot Cursor Elev  165.0 deg. ey i
Outer Ring 11.52 dBi 0.0 dBmax Azimuth Angle 0.0 deg. Gain 11.52 dBi i
0.0 dBmax3D Outer Ring 11.52 dBi 0.0 dBmax i
30 Max Gain  11.52 dBi 0.0 dBmax30 1.5 h
Slice Max Gain 11.52 dBi @ Az Angle = 180.0 deg. 3D Max Gain 11.52 dBi o
Front/chk 24.83dB Slice Max Gain 11.52 dBi @ Elev Angle = 165.0 deg.
Beamwidth 53.5 deg.; -3dB @ 153.5, 207.0 deg. Beamwidth 17.2 deg.; -3dB @ 154.5, 171.7 deg.
Sidelobe Gain  -12.35 dBi @ Az Angle = 300.0 deg. Sidelobe Gain 1.2 dBi @ Elev Angle = 130.0 deg. 1.1
Front/Sidelobe 23.87 dB Front/Sidelobe 10.4 dB 1
27 Freq MHz 30
f—h -- -1k}
E B
M
Enaren
I'_f:"
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All Three Antennas @ 20m

Source 1: 20m w48s4 1v drive

Source 2: 10m w27s3 Ov
Source 3: 17, 15, 12m w33s4 Ov
Total Fiekd 08 EZNEC+ | [Total Field EZNEC+ -
INF
Sweep: 13-15 MHz @ 0.01 step
SWR: 1.029:1 @ 14.35 MHz
; 10 Z=50.65 @ -1.49° =50.63 —j1.318 Q
P SWR: 1.48:1 @ 14.19 MHz
T T .
) 2=60.91 @ 18.8° =57.86 +j19.63 Q
5
SWR
3 hi
1415 MHz 14.15 MHz b
Azimuth Plot CursorAz  180.0 deg. Elevation Plot Cursor Elev  155.0 deg. :
Elevation Angle 25.0 deg. Gain 9.91 dBi Azimuth Angle 0.0 deg. Gain 9.91 dBi 2 i
OuterRing 991481 0.0 dBmax Outer Ring 9.91 dBi 0.0 dBmax
0.0 dBmax3D 0.0 dBmax3D bt
3D Max Gain  9.91 dBi 3D Max Gain  9.91 dBi l
Slice Max Gain  9.91 dBi @ Az Angle = 180.0 deg. Slice Max Gain 9.91 dBi @ Elev Angle = 155.0 deg. 1.5
Front/Back D438 Beamwidth 29.4 deg.; -3dB @ 138.2, 167.6 deg. et
giiﬂffg’am 7?-:;:;-5:5%;:";% g’dse-: deg. Sidelobe Gain  -0.47 dBi @ Elev Angle = 20.0 deg. i
-0. = 0.0 deg. F ! ,
Front/Sidelobe  10.43 dB forSkekbe #0500 11 S
1 T
13 Freq MHz 15
A — o —— T ——
s ammasEaEEaam————— I - — - ] -
- 7 R i - 'fE‘E 4 o .-"':_ %2 \\_.\
.-;, = T it 'n‘h
» o . ~
: T — | e T Rm——
T —— “
& M=o emmnenmmmmms T ———
] : Pz
— g T R e B - T
- g 1 i T —- il
]
) R —— -
.
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All Three Antennas @ 15m source3:1% 15, 12m Wik tudrive

Source 3: 10m w27s3 Ov

qotal Field EZNEC— Total Field EZNEC-

INF

Sweep: 10-30 MHz @ 0.1 step
[with transmission line]

10
5 it R i
SWR SWR: 6.78:1 @ 18.1 MHz :: i L)
2=7.427 @ -6.37° ‘ i
3 =7.382-j0.8243 Q % i
21.2 MHz f :
21.2 MHz
Azimuth Plot Cursor Az 0.0 deg.
Elevation Angle 20.0 deg. Gain 7.63 dBi Elevation Plot Cursor Elev  20.0 deg. 2 i
Outer Ring 7.63 dBi 0.0 dBmax Azimuth Angle 0.0 deg. Gain 7.63 dBi . SWR: 4.84:1 @ 24.9 MHz
0.0 dBmax3D Outer Ring 7.63 dBi 0.0 dBmax _ °
3D MaxGain  7.63 dBi 0.0 dBmax3D Z2=61.3 @ -66.14
Slice Max Gain 7.63 dBi @ Az Angle = 0.0 deg. 3D Max Gain 7.63 dBi SWR: 1_09:1 @ 21_0 MHz =24.8 — 156.06 Q
Front/Back 25448 Slice Max Gain 7.63 dBi @ Elev Angle = 20.0 deg. _ °
Beamwidth 756 deg.;-3dB @ 322.3, 37.9 deg. Beamwidth 212 deg. -3dB @ 9.6, 30.8 deg. Z2=48.97 @ -4.58
Sidelobe Gain  5.09 dBi @ Az Angle = 180.0 deg. Sidelobe Gai 5.09 dBi @ Elev Anale = 160.0 deq. = _F
FroniSidelobe _ 2.54 0B FronuSidebe 2548 - , 48.82-j3.907Q &
1
10 Freq MHz 30
e
] "
e == INF
e Ee ==
35 =,
x E1
ATy - oy
T N = E
- 5
v e == 4§ -
i ) "'.'-'-i?'-'._.:'_-l_._
_— """‘--u-,,.\_ql ki 5
T —— - - 4 -."'4-": - -
. L B L e
T TTr— R ey B e, T
- T i ""’“‘*“-ri' T3 SWR: 1.084:1 @ 21.03 MHz
e = . -
r—— T T — ; : 2=47.88 @ -3.91°
s "y, Ll =47.77 - j3.265 Q
-
i
20 Freq MHz
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All 3 Antennas ™ El/Az Patterns on 17m, 15m, & 12m

With Transmission Line 21.2 MHz

18.1 MHz.

lotal Field

o de EZNEC+ Fotai Fieid 048

—
EZNEC+

1.15 dBi

7.63 dBi
21.2 MHz
18.1 MHz
Azimuth Plot Cursor Az 0.0 deg.

Azimuth Plot CursorAz  0.0deg. Elevation Angle 200deg.  Gain 7.63 dBi
Elevation Angle 25.0 deg. Gain 1.15 dBi Outer Ring 7.63 dBi 0.0 dBmax
Outer Ring 1.15 dBi 0.0 dBmax 0.0 dBmax3D

0.0 dBmax3D 3D Max Gain  7.63 dBi
3D Max Gain 1.15dBi Slice Max Gain 7.63 dBi @ Az Angle = 0.0 deg.
Slice Max Gain 1.15 dBi @ Az Angle = 0.0 deg. Front/Back 254dB
Front/Back 1.39dB Beamwidth 75.6 deg.; -3dB @ 322.3, 37.9 deg.
Beamwidth 80.5 deg.; -3dB @ 319.9, 40.4 deg. Sidelobe Gain  5.09 dBi @ Az Angle = 180.0 deg.
Sidelobe Gain  -0.24 dBi @ Az Angle = 180.0 deg. FrontSidelobe  2.54 dB
Front/Sidelobe  1.39 dB

Elevation Plot
Azimuth Angle
Outer Ring

3D Max Gain
Slice Max Gain
Beamwidth
Sidelobe Gain
Front/Sidelobe

18.1 MHz 21.2 MHz
Cursor Elev  25.0 deg. Elevation Plot Cursor Elev  20.0 deg.
0.0 deg. Gain 1.15 dBi Azimuth Angle 0.0 deg. Gain 7.63 dBi
1.15 dBi 0.0 dBmax Outer Ring 7.63 dBi 0.0 dBmax
0.0 dBmax3D 0.0 dBmax3D
1.15 dBi 3D Max Gain 7.63 dBi

1.15 dBi @ Elev Angle = 25.0 deg.
25.8 deg.; -3dB @ 10.9, 36.7 deg.
-0.24 dBi @ Elev Angle = 155.0 deg.
1.39dB

Front/Sidelobe 2.54 dB

Slice Max Gain 7.63 dBi @ Elev Angle = 20.0 deg.
Beamwidth 21.2 deg.; -3dB @ 9.6, 30.8 deg.
Sidelobe Gain  5.09 dBi @ Elev Angle = 160.0 deg.
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24.9MHz.

Total Field

m—
EZNEC+

7.07 dBi

Azimuth Plot
Elevation Angle
Outer Ring

3D Max Gain
Slice Max Gain
Front/Back
Beamwidth
Sidelobe Gain
Front/Sidelobe

24.9 MHz
CursorAz 0.0 deg.
15.0 deg. Gain 7.07 dBi
7.07 dBi 0.0 dBmax
0.0 dBmax3D
7.07 dBi

7.07 dBi @ Az Angle = 0.0 deg.
2.784dB

62.5 deg.; -3dB @ 328.5, 31.0 deg.
4.29 dBi @ Az Angle = 180.0 deg.

2.78 dB

Elevation Plot
Azimuth Angle
Outer Ring

3D Max Gain
Slice Max Gain
Beamwidth
Sidelobe Gain
Front/Sidelobe

24.9 MHz
Cursor Elev  15.0 deg.
0.0 deg. Gain 7.07 dBi
7.07 dBi 0.0 dBmax
0.0 dBmax3D
7.07 dBi

7.07 dBi @ Elev Angle = 15.0 deg.

17.9 deg.; -3dB @ 8.5, 26.4 deg.

4.29 dBi @ Elev Angle = 165.0 deg.

2.78dB
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