A 10m FM Antenna

...to fit into my attic...

A A/4 “T-Top” Vertical with
Spiral Counterpoise Larry Banks, W1DYJ

First licensed: 1962 (KN1VFX)
W1DYJ since 1966 — Amateur Extra

33 Blueberry Hill Road Woburn MA

9b-DXCC 8b-WAS 6m-VUCC [565+ grids]

Thanks to Greg Hebner, AG5FE, and his
May 2022 QST article
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Problem Statement

* Sunspots are increasing, 10m is
becoming more active

* As the MMRA TlaOS Net Manager I'd
like to have 10m FM capability. [The
MMRA has 20+ repeaters from 10m to
900MHz covering Eastern MA.]

* | have a 6m vertical in my attic for the
MMRA 6m repeater.
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Problem Statement

Sunspots are increasing, 10m is
becoming more active

As the MMRA TIaOS Net Manager I'd
like to have 10m FM capability. [The
MMRA has 20+ repeaters from 10m to
900MHz covering Eastern MA.]

| have a 6m vertical in my attic for the
MMRA 6m repeater.

| decided to put a 10m FM vertical in my
attic without adding another coax run.

Internal attic height is ~5’
e 10m verticals are ~ 8+’
with 16’ diameter radials

This also gave me an opportunity to
learn about using coax as a matching
network

A 10m FM Antenna -- MMRA Jan 2024

W1DYJ ~ Larry Banks

=
oxl
2,

Ini e;g;;téonal
Association | &5
10
D oz 2
et ) €
RS
&

it
s
S
A\




Problem Statement

Sunspots are increasing, 10m is
becoming more active

As the MMRA TIaOS Net Manager I'd
like to have 10m FM capability. [The
MMRA has >20 repeaters from 10m to
900MHz covering Eastern MA.]

| have a 6m vertical in my attic for the
MMRA 6m repeater.

| decided to put a 10m FM vertical in my
attic without adding another coax run.

Internal attic height is ~5’
e 10m verticals are ~ 8+
with 16’ diameter radials

This also gave me an opportunity to
learn about using coax as a matching
network
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Problem Statement

Sunspots are increasing, 10m is
becoming more active

As the MMRA TIaOS Net Manager I'd
like to have 10m FM capability. [The
MMRA has >20 repeaters from 10m to
900MHz covering Eastern MA.]

| have a 6m vertical in my attic for this
purpose

| decided to put a 10m FM vertical in my
attic without adding another coax run.

Internal attic height is ~5’
e 10m verticals are ~ 8+
with 16’ diameter radials

This also gave me an opportunity to
learn about using coax as a matching
network

Agenda

« DESIGN OF THE ANTENNA
e BUILDING IT

e RESULTS

Al Free

Any mistakes in this
talk are strictly my
own
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W1DYJ ~ Larry Banks

INDEXA




DESIGN OF THE ANTENNA

Start with the Fundamentals

Vertical Dipole (29.58/29.68)
Ground Plane Version

Spiral Ground Plane [based upon AG5FE]
Fitting it into my attic

Matching it
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Design of the Antenna: VERTICAL DIPOLE IN FREE SPACE [eznec)

[ TOTATFIER 0d
|

Z

2.12dBi @ 0°

........

wle2 ¢ --5-

50 QQ coax 16’
feed

or0dBd @0 29.63 MH

wlel &--Y-
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[ Totarries

Design of the Antenna: VERTICAL DIPOLE IN FREE SPACE [eznec)

Z

2.12dBi @ 0°

- .

....

wle2 ¢--4-

50 Q) coax 16
feed

29.63 MH

wlel &--Y-

/ Most of the

f antenna

| currentis in

the middle

1/3 of the
dipole.

ﬂ The current
\ generates
the EM
‘ wave.

[
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Design of the Antenna: VERTICAL DIPOLE IN FREE SPACE [eznec)

[[ Totarries

z

2.12dBi @ 0°

wle2 ¢ --5-

50 Q) coax 16
feed

A\ 4 T A S S T

wlel &--Y- [ * : — ' E
e SWR: 1.44 @ 29.7 Z=71.8 -j1.8

f Most of the

/ antenna

| currentisin

| the middle
L] 1/34of the

' dipole.

=+

H The current
\ generates
the EM
wave. 28 Freq MHz 31

SWR=1.44 [72.0Q/50 2]
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2.12dBi @ 0°

Design of the Antenna: VERTICAL DIPOLE (@ 30’

/-

2.6 dBi @ 30°

Y (x,y,2)=(0, 0, 38)
wle2 ¢ ----

50 Q) coax -
feed 1

Free Space: SWR: 1.44 @ 29.7 Z=71.8 —j1.8

wiel &--—- RN EEERE

(x v, 21=(0,0,22) 5 [reiri SWR: 1.43 @ 29.7 Z=71.4 —j2.6

N
TR (5 S eSS ) R
WG rotndasy
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DESIGN OF THE ANTENNA

* Vertical Dipole

Ground Plane Version
* No way I can fit this 16’ tall into a 5’ tall attic

Spiral Ground Plane [based upon AG5FE]
Fitting it Into my attic
Matching it
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Y
(x,y,2)=(0, 0, 38)

of TT

50 Q) feed 76" &

wie2f (0,0, 30.5) l
ws " i
6 ¢ (8,0,30)

wilel=(0, 0, 30) -
= 16’ -

(-8,0,30)

2.12dBi @ 0°

2.6 dBi @ 30°

098~ 2 95 dBi @ 30°

30’

1 SWR: 2.14 @ 30.8 Z=23.5+j3.5
3.84 @ 29.6 Z=20.4-j35.6

Flowest swr @ bit too high

«

; U5 e SN
W AGrounde
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Design of the Antenna: GROUND PLANE #2 @ 30’

z

Y L 2.93 dBi @ 30°

50 Q) feed 8 86"

A

v

16’

Extend
to 8%’

30’

S S0 1 O O O O
b SWR:2.08 @ 29.6 Z=24.4 +j4.7 g
LT T R T T S T T aa

SIS
CrndasL

S « N
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DESIGN OF THE ANTENNA

 Vertical Dipole (29.58/29.68 2 29.63 MHz.)
Ground Plane Version

Spiral Ground Plane

* A 16’ long radial won't fit into my attic easily
Fitting it into my attic
Matching it
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Design of the Antenna: SPIRAL GROUND PLANE

82722 530 PM

A Simple Vertical Antenna
with a Spiral Counterpoise

fyou don'th

S project on

Greg Hebner, AGSFE

When | temporarily moved to the east coast from the
southwestern desert, | had a yard with tall trees. | was
finally able to put up d0-meler antennas and enjoy
making DX contacts. This inspired me lo design some-
thing that could work just as well from my permanent,
treeless desert home.

I'had some major constraints. The antenna had to be
self-supporting and safe for backyard guests, but there
was little space for radials. An internet search for a
“colled counterpoise” gave me some encouragement
and prompted me to consider performance and
antenna patterns compared to the classic quarier-
wavelength vertical with many radials. To explore
options, | used the free 4nec2 modeling software at
hitps:/wrww.qsl.netidnec and the costly NEC-4.2
engine from Lawrence Livermore National Laborato-
ries, informed by The ARRL Handbook

Learning from a Model

My first model of a quarerwavelength vertical (33 leet
al 705 MHz) and a single, coiled counterpoise of sim-
ilar length had poor gain and voltage standing wave
ratios (VSWR). | struggled with questions and vari-
ables, such as the length of the wires, overall counter-
poise dimensions, and how 10 use 4nec2 1o optimize
strange courterpoise shapes.

I realized that | could first choose a counterpoise
shape that would fix the x and y coordinates of every
wire. The 4nec2 program mulliplies each coordinate by
a single scaling number fo arbitrarily stretch the relative
shape and the iotal length of the spiral counterpoisa.
Adding a vertical wire to the spiral complated the
design. The 4nec2 optimizer adjusts two terms, the
length of the vertical and the spiral scale factor. This
works to optimize the SWR and gain. To my surprise,
the model converged on a design with a minimum
VSWR of 1.1:1, an azimuthally constant gain of

=0.7 dBi, and a 2:1 VSWR bandwidth of 280 kHz. The
vertical length was 39 feet for a center frequency of

s Jleston pagesute-pn co.

o
71
E

7.1 MHz, which is 15% longer than a quarter wave-
length. The spiral counterpoise length was 33 feet, 7
inches, which is aimost a quarier wavelength. No
wonder my first attempt was so poor.

The antenna design study provided good insight on
how 1o construct the physical antenna. The real imped-
ance was dependent on the length of the vertical but
wealdy dependent on the number of spiral tums. The
imaginary impedance depended almost equally on the
wvertical length and the number of spiral turns. Thus,
the length of the spiral is tuned first to adjust the imagi-
nary impedance. Then the length of the vertical is
adjusted to tune the real impadance. | first trimmed the
length of the spiral wire length to minimize the VSWR,
irmespective of the minimum frequency. The vertical
length was then trimmed to move the VSWR minimum
1o the desired operating frequency.

|

5
Freq. = 7.1 MHz

wl
Vertical plane
Max. Gain = 0,2 dBi

Figure 1 — The biua curve is my antenna, whie the green and
redd repeesent 3 comventicnal quartirwave vertical with above o
n-ground radials.

aspufedio=15ac048-bb3147 a0t Debtype=cippinglel

Al dimensions in inches

Cut Longth of PVC pipes
Aand B are 35 inches

C and D are 42 inches
€853 inchos

82205 HEBNERDY

The spral frame assembled using five pieces

gu
of Yinch PVC. The points on arm A are measured from point 2

Figure 3 — The spral wire was secured with cable ies at each
comer, and the inside end was connected 1o the balun. The ver-
tical wire connects 10 the other output terminal of the balun

34 May2022

https://edition page o nt aspx|
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Design of the Antenna: SPIRAL GROUND PLANE #1 @ 30’

A , 0981 3 06 dBi @ 30°
I\Lx """" T -
50 Q) feed 816
29.63 MHz

The “Ground Plane” (X-Y plane)

(1,1, 30) é“
-5, -Si”ws&i" 30 | | Consistent with Greg’s
g0 vis J l' | TSWR.. @32.2 MHz > > findings: His vertical
*t(5,-5.30 | radiator had to be 15%
(0, -.5, 30) : :
L e ” 2 longer than a A/4

TR —
31

1
28 Freq MHz

(-.5,-1,30) (1,-1,30)
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Design of the Antenna: SPIRAL GROUND PLANE #2 @ 30’

zZ

50 Q2 feed

The “Ground Plane” (X-Y plane)

Extend
to 10’

2.97 dBi @ 30°

TN

A 10m FM Antenna -- MMRA Jan 2024

10

1.1

SWR: 1.49 @ 29.6 Z=33.6 +j1.0

-----------------------------------------------------------------------------------------------------

Freq MHz 31
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DESIGN OF THE ANTENNA

 Vertical Dipole (29.58/29.68 = 29.63 MHz.)
Ground Plane Version
Spiral Ground Plane [based upon AG5FE]
Fitting it into my attic

* At 10’ tall it’s too tall for my 5’ tall attic...
Matching it
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Design of the Antenna: HOW TO FIT IT INTO MY ATTIC?

10’
50 Q2 feed
Attic DimenSionS -~ 2022 _____________________ B l,-;ba:ral-[n;-nigr;aeu-wmm'mz
Pl N
.--"'(-! -H'*-..,_
— "~
,r/” “e‘ il B § BN )
¥ J,/'/ R—H“‘Hx T
— ~ . =
— [ B 33 B R .
5 collar tie >
\/JJ hh‘“x_\\_’/
76"
46" 61 .
53
9” thick floor
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Design of the Antenna: HOW TO FIT IT INTO MY ATTIC?

z
Y
) 5 — 1 —>
10’ (0, -5.5, 34.67) (0,0, 34.67) (0, 5.5, 34.67)
0 11
50 Q) feed
50 Q2 feed
¢ ° wlel¥0, 0, 30)
Attic Dimensions ~2022 = B e a7
_— T
T (3“fi// T ~ i Al tube i
T — (] \-\‘“--q, ; T~
= 38" ~
\\/'J H“xﬁy?
76"
46" 61" , wire
53

I PVC form for spiral radial

9 thick floor Attic Floor

errlational

DX
Association
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Design of the Antenna: © 1-TOP” SPIRAL GP #1 @ 30’

zZ

3.13 dBi @ 30°

50 Q feed ¢

29.63 MHz

28 Freq MHz 31
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Design of the Antenna: * 1-1OP” SPIRAL GP #2 @ 30’

Z
048~ 3,12 dBi @ 30°
‘ iv Shorten to 8’
X “— g —>
50 Q feed - A
. 20 82 MH>
. s
N ;
s i
L' N
RN
1™
{
{
! e
1 . ! ! . : ! ! ! . : ! ! ! . : ! ! ! . : !
| L .
: " SWR_. @ 29.8 MHz Z = 14.6 +j2.5
12
1
|
| T T 5 S A 0 S5 O SO A G S SO S U5 A S G5 SO AU S O U
.-
|
T I T e e e S e e Bt ol S R o o MR S S R
'\\ ___d_‘_i'::\__ g S S S SN S S S S A N S S S S
.«l“\'a’zr‘ 5, LN 28 Freq MHz 31
. \_r4 _F-“’.
T, © & .
= 8 Works! BUT -- |Z]| =~15Q how do | match it??? =
X Qﬁ AT Sl
‘Association 9
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Design of the Antenna: IMIATCHING IT: Some Theory [wieion

Z =50Q — Zmatching network — deometric mean -t—> 7

coax

Quarter-wave impedance transformer

From Wikipedia, the free encyclopedia

A quarter-wave impedance transformer, often

wrltten.as.Nai Fmpedance tr.ansfcm'l:er_ isa _ Zin * A / 1 * 7y
transmission line or waveguide used in electrical L —

engineering of length one-quarter wavelength (A), — Zo Transmission e ]:gﬁ
terminated with some known impedance. It

presents at its input the dual of the impedanca Using a transmission line as an impedance transformer
with which it is terminated.

It is a similar concept to a stub; but, whereas a stub is terminated in a short (or open) circuit and the length is
chosen so as to produce the required impedance, the A/4 transformer is the other way around; it is a pre-
determined length and the termination is designed to produce the required impedance.

The re!ationship between the characteristic impedance. 2,:,. input im pedance. Z:n and load iI'I'IFIEdﬂf'ICE. 2__ is:
Ziu ZU

Zi A =

Zmatch = ‘Zant* Zcoax = \/15*50 = ~Z7Q

Use parallel % wave lengths of 502 coax
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Design of the Antenna: * 1-TOP” SPIRAL GP W/COAX

A — & — Was: 3.12 dBi @ 30°

(0, -4, 34.67) (0,0, 34.67) (0,4, 34.67)
W10 s 1 045

1
i

Seeen.

wil2

50 Q feed

.-10-
1

=

wilel=(0, 0, 30)

29.63 MHz

3.12 dBi @ 30°

8’ of “perfect”
25 (2 coax

Was: SWR,;, @ 29.8 MHz Z =14.6 +j2.5

i
™

™ SWR,,;, @ 29.76 MHz = 1.16
— Z=43.1+j0.2
i ~-'*ﬁ\
3
L
= _{’311 ’ 5 9 .
Lm R
oY 28 Freq MHz 31

International
Association
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BUILDING IT - THE USEFUL (AND MORE DIFFICULT) STUFF!

 The 10m “Vertical”
* Matching with the 6m GP
* Results
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BUILDING IT

* The 10m “Vertical”

roof

 Matching with the 6m GP

 Results

rafter

e

collar tie

wire

Concept

Attic Floor

Attic Floor

A 10m FM Antenna -- MMRA Jan 2024
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BUILDING IT

%" Al tube 8’ long

—

#12 wire
plus two strings to stop
rotation of radial

“bracket” for feed
system and balance

PVC form for
spiral radial

$0239s for parallel coax

Attic Floor

mternational
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BUILDING IT

%" Al tube 8’ long

#12 wire
plus two strings to stop
rotation of radial

“bracket” for feed
system and balance

PVC form for
spiral radial

$0239s for parallel coax

Attic Floor
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BUILDING IT

%" Al tube 8’ long

1#12 wire
plus two strings to stop
rotation of radial

“bracket” for feed
system and balance

A= PVC form for
spiral radial

$0239s for parallel coax

Attic Floor
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BUILDING IT: TESTED AT 3’ ABOVE GROUND - witH TWO 50 Q COAXS

The match with two A./4 50 Q2
coaxes in parallel was terrible!

Forget the 25C2 coax!

International
DX
Association
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BUILDING IT: TESTED AT 3’ ABOVE GROUND - witH TWO 50 Q COAXS

The match with two A./4 50 Q2
coaxes in parallel was terrible!

Forget the 25C2 coax!

“All Models are wronq.
Some are useful.”

British Statistician George Box, 1976

International
DX
Association
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BUILDING IT: TESTED AT 3’ ABOVE GROUND — witH ONE 50 Q Coax
Frequency Scan: 25-35 MHz 29.58MH:z

IM-V).;.D”:W,H;! -)’L&lmll”.;;ll risno Foed» A/).'»O(’) ;’;W;lnt;! 2; );';N-I\;'ll:lll 70
@ 29.58: SWR = 586 || » 120.130 @I58 5WR» 120 |2] » 9820
L A & S et e e S
S — = = = |
=Ry Kok we | e RO -

: = | : o = |
gy — S - -
3 3 — v &
T £ \

. - o— - - » - -

Se— 0 &= e - T EE
T=Top=8’ T=Top=7'

VSWR scale: 0-20 | |Zs| scale = 0-600 VSWR scale: 0-20 | |Zs| scale = 0-600
Foeds V}OI’-O’OV‘;‘.‘IIH ):’I‘;Mu:"llll 121= 560 sm.u;.wo“v;u;;m-u;mu'.l'o;l 17|70
@RSESWR 128 |Z| %50 P 25K SWR > 147 || #5540
el Ll |l ok T i
SR S a |
:_ == | j_‘ — b - - - DA T |
G o -F = e R
= = :—ia:z- :

:_ n' :{ | e e
T_ . - - ‘—_— . - —r— - - - ‘:
T ——— e L S T TS S R
T=Top =5’ T=Top = 4’
VSWR scale: 0-16 | |Zs]| scale = 0-500 VSWR scale: 0-16 | |Zs]| scale = 0- 500

Association
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BUILDING IT: RESULTS OF 3’ ABOVE GROUND

SWR at 29.58 MHz Frequency of SWR(min)
4 > 31
3.5 / 30 &
3 / 29 \
2'2 / 28 \\
/ =0=—Yard-3'up o7 =0=—Yard-3'up
15
1 N T T T 26 T T T |\’
4 5 6 7 8 4 5 6 7 8
T-Top Length (ft) T-Top Length (ft)
|Zs| at 29.58 MHz
80
70 /?—4—
60 e Cantl
50
40
gg =¢="Yard - 3' up
10
O I I I I
4 5 6 7 8
T-Top Length (ft)
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BUILDING IT: RESULTS OF 3’ ABOVE GROUND

3.5

2.5

1.5 -

SWR at 29.58 MHz

4

5 6 7 8
T-Top Length (ft)

=@=Yard - 3' up

31
30
29
28
27
26

Frequency of SWR(min)

4 5 6 7
T-Top Length (ft)

29.58 MHz

=@="Yard - 3' up

80
70

60 -

50
40
30
20
10

|Zs| at 29.58 MHz

4

5 6 7 8
T-Top Length (ft)

=@=Yard - 3' up

A 10m FM Antenna -- MMRA Jan 2024
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BUILDING IT * | have a 6m vertical in my attic

e The 10m Vertical « | want to put the 10m FM

* Matching with the 6m GP

vertical in my attic without
adding another coax run.

Results

My 6m GP in my attic

A 10m FM Antenna -- MMRA Jan 2024




6m

BUILDING IT 53.81 W
10m
* The 10m Vertical 29.58 MHz
* Matching with the 6m GP
* Results

|
Coax to shiack
|

Attic From above

Challenge: Feeding

them in parallel
without messing
either of them up.
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. | Gather Some Data
UILDING IT 1. Measure the 6m GP by itself

* The 10m Vertical 2. Position the unconnected

 Matching with the 6m GP 10m GP and measure the 6m
GP by itself again
* Results * Does the presence of the 10m
GP affect to 6m GP?
3. Disconnect the 6m GP,
connect the 10m GP, and

measure the 10m GP
e How does the 10m GP work
in the attic?
4. Develop the matching
scheme

5. Finally, connect them
together and measure them

A 10m FM Antenna -- MMRA Jan 2024 W1DYIJ ~ Larry Banks



BUILDING IT: REAL DATA: SWEEP OF THE 6M GROUND PLANE BY ITSELF

Scales: 27-58 MHz This is an example
[Rore ™ =] ienw SARK-110 Stop .
VSWR: 1'11 (RnCotol | —VSWR =23l Scales Of the detalled

2 T ¥ ¥ 0
|Zs|: 0-100 = | | | | scans for the four

[~ Frequency Control

o
- " setups.

Measurements taken s T ,
in the shack with ~60’ — =

~Cursor

1 0
of RG_8X between my P Eobed . e 27,000,000 33,200,000 39,400,000 45,600,000 51,800,000 58,000,000
- 29,900,000 Let Y- f ~Right Y
SARK'110 and the %33253%029 < VSWR - |
Z.202.099§ 116.764 ™ Max 30.066.666 Hz 548179 ™ Max 29.733.333 Hz 269.405

antennas. (enRsse || Mo 51000000z 131668

™ Mn 27333333 Hz 9.9655

=101 x| =0l
28-31 MHz 50-54 MHz
Pre x| Env SARK-110 Stop SARK-110 Stop

~RunContol | —VSWR = [Zs| Scales “RunControl ————— —VSWR (25| Scales

& Snge ; 5 @ Snge % ’
(e ] » @ ; - (o ] " ¥ i

€ Continuous € Continuous

Siop = Stop

0 3: Delay 35 0 5: Delay 55

B e Gl b 1 SWR=5.3:1{] S | e I
= _ =
Center > 1Z|=246Q || o Center 52 000.000% = SWR=1.7:1 &
Span 3.000.000%% Span 4.000.000| 12]=29Q
Stat 28.000.000%% 5 t 1 40 Stat 50.000.000% 5 | 40
Stop Stop |
Presets ~ 3 i i 1 1 20 Presets ~ 3 : 1 1 20
~Cursor 5 ; 0 ~Cursor 1 0
¥ Enabled -__ 28,000,000 28,600,000 29,200,000 29,800,000 30,400,000 31,000,000 ¥ Enabled '_ 50,000,000 50.800.000 51.600.000 52,400,000 53.200,000 54.000.000
Cursor: 28.290.000 Hz e Rty ——— Cursor: 50.290.000 Hz Left Y - ~Markers = Right Y
VSWR: 486701 VSWR -~ zs - VSWR: 138688 fswR =] M Mz |
25t 40.3727 25| 66 8346
65;3&% ; ?6.9431 ™ Max 30.203,333 Hz 550074 ™ Max 29.716.666 Hz 269.12 553;3401123%87027 ™ Max 53.996.666 Hz 2.03406 e - ™ Max 50.000,000 Hz 71.2894
- ™ Mn 28.003333Hz 482284 I~ Mn 28,000,000 Hz 27.2507 || Mn 50986666 Hz 131748 ™ Mn 53,120,000 Hz 27.8993
Connected (0007) Us8 Stop I Ponts: 900 20: 50 410 VF: 0.82 TL: None Net:None Ave: 16 AutoSave: OFF Connected (0007) Use Stop [N Ports: 1200 20: 50 410 VF: 0.82 TL:None Net:None Ave: 16 AutoSave: OFF

AT LGLUTIo

Association
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BUILDING IT: REAL DATA: 6M GP @ 29 MHz

6m GP @ 29 MHz by itself

300 6.00
SWR

- 5.50

- 5.00
- 4.50

200
- 4.00
N 150 - 3.50
- 3.00
100 /

250

SWR

- 2.50
- 2.00

50

- 1.50

0 1.00
e 1 o 1w o w o
©® © o o O o
N N N N o o ™
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BUILDING IT: REAL DATA: 6M GP @ 29 MHz

300

250

200

N 150

100

50

6m GP @ 29 MHz by itself

6.00

SWR
- 5.50

- 5.00
- 4.50

/
- 4.00
o
. - 350 =
(75
- 3.00

- 2.50
- 2.00

- 1.50

1.00

300

250

200

100

50

N 150 -

6m GP @ 29 MHz with
unconnected 10m GP

6.00

SWR

w/10m - 5.50
| - 5.00
- 4.50

- 4.00
o
- 350 =
)
- 3.00

- 2.50

- 2.00

- 1.50

1.00

28.0
28.5
29.0
29.5
30.0
30.5

31.0

affect on the 6m GP and has High |Z|

Conclusion: At 29 MHz, the presence of the 10m GP has little

A 10m FM Antenna -- MMRA Jan 2024
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BUILDING IT: REAL DATA: 6M GP @ 53 MHz

6m GP @ 53 MHz by itself
300 4.50
250  4.00
- 3.50
200 —
. - 3.00 o
N 150 5 =
- 2.50 »
100 —
|z]  SWR - 2.00
50 - 150
0 - 1.00
o W e 1w o v o o
BEEE T 8 IIB3 B3I
International
5%,
ey 2 g%
Q&Y  opaaa
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BUILDING IT: REAL DATA: 6M GP @ 53 MHz

6m GP @ 53 MHz by itself 6m GP @ 53 MHz with
unconnected 10m GP
300 4.50 300 4.50
w/10m
250 400 250 400
- 3.50 - 3.50
200 — 200 a
- 3.00 - 3.00
N 150 B n;: N 150 5 n;:
- 250 950 L
100 — |
|Z]  SWR - 2,00 0 |z]  SWR - 2.00
50 % 1.50 50 - 1 150
oomomcmcmo_1'00 0 - 1.00
Conclusion: At 53 MHz, the presence of the 10m GP does
not affect the 6m GP very much, and 6m has decent SWR

A 10m FM Antenna -- MMRA Jan 2024 Page 42 W1DYIJ ~ Larry Banks




BUILDING IT: REAL DATA: 10mM GP @ 29 MHz

10m GP @ 29 MHz with
unconnected 6m GP
300 6.00 “OK” - not great. Could use adjusting.
- 5.50 Moving from ground level to attic
250 lowered resonant frequency ~1+ MHz.
Thin = 500
outside L 450 . . . .
200 ————— ' But the 6m GP is not affecting it much if
4.00 at all, as the curves are similar.

3.50

VSWR

3.00
100

\- 2.50

2.00
50

1.50

0 1.00

28.0
28.5
29.0
29.5
30.0
30.5
31.0
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BUILDING IT: REAL DATA: 10M GP @ 29 MHz & 53 MHz

10m GP @ 29 MHz with 10m GP @ 53 MHz with
unconnected 6m GP unconnected 6m GP
300 6.00 300 4.50
- 550
250 250 /\— 400
Thin = - 5.00 \/
outside | - 3.50
s 1L 4.50 200 |
4.00 I
o B '\ 300
’150 - 350 % N 150 - =
N
> \ - 250
- 3.00
100 , 100 i
2y 250 \ - 2.00
50 0 50 L 1.50
- 1.50
0 1.00 0 - 1.00

50.0
50.5
51.0
51.5
52.0
52.5
53.0
53.5
54.0

Conclusion: The 10m GP is not being effected by the 6m GP
very much.
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BUILDING IT: REAL DATA: 10M GP @ 10m & 6™

10m GP @ 29 MHz with 10m GP @ 53 MHz with
unconnected 6m GP unconnected 6m GP
300 6.00 300 4.50
- 5.50
250 250 /\— 400
Thin = - 5.00 \/
outside | - 3.50
o | e] 4.50 200 1
- 4.00 i
o B '\ 300
’150 L350 = N 150 - =
(7] (7]
> \ - 2.50
- 3.00
100 , 100 i
2y 250 \ - 2.00
"1 200
50 5 - 1.50
- 1.50
S 2222332 S S n-S NS a3

Connect them and see what happens!
But How???
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BUILDING IT: MORE THEORY — A/4 AND A/2 COAX

A “special case” of the quarter-wave matching transformer: the “stub”

Z;(f)= © —

A/4 LENGTH OF COAX @ f

> ZL(f)= @ “shorted”

Z;,(f)= 0 ——>

A/4 LENGTH OF COAX @ f

S —— ZL(f)= w “Open”

1/4 wave length of coax “inverts” the impedance
{assumes lossless coax!}
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BUILDING IT: MORE THEORY — A/4 AND A/2 COAX

A “special case” of the quarter-wave matching transformer: the “stub”

Z.(f)= 00 —>| A/4 LENGTH OF COAX @ f >Z, (f)= O “shorted”

Z,(f)= @ ——>{ A/4 LENGTH OF COAX@f —> Z, (f)= OO “open”

1/4 wave length of coax “inverts” the impedance

Z.(f)= 6 —> A/2 LENGTH OF COAX @ f >Z (f)=0

Z,(f)= 00— A/2 LENGTH OF COAX @ f —>Z7,(f)= ©

Y% wave length of coax repeats the impedance
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BUILDING IT: MORE THEORY — A/4 AND A/2 COAX

A “special case” of the quarter-wave matching transformer: the “stub”

Z.(f)= 00 —>| A/4 LENGTH OF COAX @ f >Z, (f)= O “shorted”

Z,(f)= @ ——>{ A/4 LENGTH OF COAX@f —> Z, (f)= OO “open”

1/4 wave length of coax “inverts” the impedance

Z.(f)= 6 —> A/2 LENGTH OF COAX @ f >Z (f)=0

Z,(f)= 00— A/2 LENGTH OF COAX @ f —>Z7,(f)= ©

Y% wave length of coax repeats the impedance

—Field Day:
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BUILDING IT: MORE THEORY — A/4 AND A/2 COAX

A “special case” of the quarter-wave matching transformer: the “stub”

Z;(f)= © —

A/4 LENGTH OF COAX @ f

> ZL(f)= @ “shorted”

Z;(f)= 0 ——>

A/4 LENGTH OF COAX @ f

 —— ZL(f)= o0 “Open”

1/4 wave length of coax “inverts” the impedance

Z;(f)= 0 —>

A/2 LENGTH OF COAX @ f

>Z (f)= 0

Z,(f)= 00—

A/2 LENGTH OF COAX @ f

—>Z,(f)= ©

Y% wave length of coax repeats the impedance

—>Field Day: a shorted A/4 stub

and therefore

@jm is open @80m but @ 40m it is a A/2 stub and shorted

Page 49 W1DYJ ~ Larry Banks

shorts the 29

harmonic

i C.
m fation ] &% ¢ %%
W iy xR E
\/ N i




BUILDING IT: MATCHING THEM

Conclusion I: connect them so that at 10m the 6m GP retains it’s high impedance.
Conclusion Il: The presence of the 6m GP does not affect the 10m GP very much.

\

A BV
SR A%

Imeig‘fztgf"a] SENEAL,
Association
3010 o
et A l
{ S
DX|

\9 ¢ \.r[,
kS
NGATO™
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BUILDING IT: MATCHING THEM

Conclusion I: connect them so that at 10m the 6m GP retains it’s high impedance.
Conclusion Il: The presence of the 6m GP does not affect the 10m GP very much.

6m
Conclusion |

?/9;\2_; g:lia«”z Use a »: wave section @ 10m
between the 10m & 6m GPs,

which should repeat the high

Conclusion Il impedance @10m of the 6m GP

Coax to shack

]nternatlonal AN ca 4
Assocnatlon &
& 7\T %’3‘9

e @9 B0 ZP P
' ?ﬁ" i ,‘x{l\ [*zo
A\ A S

l ox e
INDEXA
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BUILDING IT: MATCHING THEM

6m

10m

13.9’ of RG8x
=% A@ 29 MHz

Coax to shack

A 10m FM Antenna -- MMRA Jan 2024

Let’s model
this.
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BUILDING IT: MODELING THE TWO GPS WHEN CONNECTED

10m GP @ 10m
By Itself Modeled @ 30’ & 29.3 MHz

ST
L : SRl
R
\{ ‘\:1\0\.
=
=5
I;--T%f‘.js
[T, , 1 »
s ST B Py
- 29 82 MH~>
i mecicr —E
F Reset OdB
7 EZNEC+
B, :
When = X
e 0.98dBi @ 30°

connected
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BUILDING IT: MODELING THE TWO GPS WHEN CONNECTED

6M GP @ 6M

Modeled @ 30’ & 53.5 MHz

By Itself

When
connected
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BUILDING IT: MODELING THE TWO GPS WHEN CONNECTED

@ 10m

ANTENNA CURRENT

@ 6Mm

v
i

‘l‘}\
15 e
3 I T R
sl H,-—"" = ';""‘1'7..
s 5 o (g i
L3

13

e

A 10m FM Antenna -- MMRA Jan 2024
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BUILDING IT

* The 10m Vertical
* Matching with the 6m GP
* Results

A 10m FM Antenna -- MMRA Jan 2024




BUILDING IT: REAL DATA: RESULTS

300

250

200

74
—
2

100

50

10m GP @10m comparing

w/ & w/o connection

4.50

- 4.00

- 3.50

- 3.00

- 2.50

- 2.00

- 1.50

1.00

28.0
28.5
29.0
29.5
30.0
30.5
31.0

Thick: Unconnected
Thin: Connected

SWR

300

250

200

74
—
g

100

50

6m GP @6m comparing
w/ & w/o connection

4.50

- 4.00

- 3.50

- 3.00

- 2.50

- 2.00

- 1.50

1.00

50.0
50.5
51.0
51.5
52.0
52.5
53.0
53.5
54.0 *

Thick: Unconnected
Thin: Connected

SWR

A 10m FM Antenna -- MMRA Jan 2024
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RESU LTS “There’s no meters like 10 meters”

First station activated — and heard faintly: DBOPM — Housham Germany

D Tiveac [ 51| _Froq | PL | Smion | Lowion

13 Oct 22 8:00 141 29.58/68 131.8 DBOPM Housham, Germany
10 Jan 23 11:21 191 29.56/66 na  WSDFW  Richardson TX
12 Dec 23 16:10 126 29.58/68 100 WASAIR  Houston TX

* Solar Flux Index: a better index than sunspots
More or less: SFI > 150 is good
More or less: SSN ~ SFI * 0.75

Thank You
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Appendix
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BUILDING IT: REAL DATA: RESULTS 27 - 54 MHz ScAN

Combined Graph: 10m & 6m: |Zs| & VSWR

10 . ( " ,'}"E' L {? | (. l"{ >%0
wh AW bl JE ! B
w '| |.i: 18 ¥ 'I !| LJ ' :.::‘.E I| 1' | | :“:: - 5.00
ANSGA N P e KD
80 i ! |,"| LN @ i ',';,'"‘ P _"_,':.'_|'|’.|'E|—-4.50
0o :.l BoEr e A5 0 g ey
00—y ‘ : N VAT
N AN A T B
60 | ] m I ‘
! e V | : 3.50
- A TN T : : o
N AR 3 : 'y 2%%
3 ‘|‘, 3.00 >
1 fi 250
V, 1.50
1.00

27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58

Frequency MHz
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With 60’ of
RG8X

FM Bands

= === |Zs|-6m alone

= = =|Zs|-10m
w/6m

- = |Zs|-6m &
10m together

e \/S\WR -6m
alone

e \/S\WR -6m
w/10m

e \/S\WR -10m
w/6m

emm\/S\\R - 6m &
10m together

aN C4,
8‘%‘?‘ :{/»o

aNA
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CHECK - MobDEL 6M FROM 10M POSITION With 16/ of
RG8X
EZNEC+
INF
-t |III |
-~ N X ; E
[® 5 10
B BN [
I|I _____.A-—-:Js;;::'
P L 5 :
F“,’_#_..M R o i
e ] SWR :
/__,..éy’""’ 3 e !
1 i f
5 )‘ y
AN
15
1.1 8
1
27 Freq MHz 58
29.63 MHz / -12.7 dBi 29.63 MHz
Elevation Plot Cursor Elev  30.0 deg. 29.3 MHz 53.5 MHz
Azimuth Angle 355.0deg.  Gain -12.74 dBi . . . .
Outer Ring -12.74 dBi 0.0 dBmax SWR: 26.4:1 SWR: 2.01:1
0.0 dBmax3D 2:777 +j 648 Z2:37.3-j27.9
3D Max Gain -12.74 dBi
Slice Max Gain -12.74 dBi @ Elev Angle = 30.0 deg.
Beamwidth 34.3 deg.; -3dB @ 5.0, 39.3 deg.
Sidelobe Gain  -13.03 dBi @ Elev Angle = 150.0 deg. International
Front/Sidelobe  0.29 dB DX

A 10m FM Antenna -- MMRA Jan 2024
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CHECK - MoDEL BOTH FROM 10M POSITION R

EZNEC+
INF
10 pi
5 i 5
@
SWR [ A s ~
3 % -
2 : o ‘1.*
N
1:5
11 ¢ 3
1
27 Freq MHz 58
29.63 MHz / 3.01dBi 20,63 Mz 29.3 MHz 53.5 MHz
Elevation Plot Cursor Elev  30.0 deg. SWR: 4.42:1 SWR: 1.96:1
Azimuth Angle 80.0 deg. Gain 3.01 dBi . _i . i
Outer Ring 3.01 dBi 0.0 dBmax 2:12.2-j13.9 Z:34.9-j24.4
0.0 dBmax3D
3D Max Gain  3.01 dBi
Slice Max Gain 3.01 dBi @ Elev Angle = 30.0 deg. n
Beamwidth  35.6 deg.; -3dB @ 5.0, 40.6 deg. Interpational
Sidelobe Gain  2.55 dBi @ Elev Angle = 150.0 deg. Association
Front/Sidelobe 0.46 dB
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ABSTRACT

A 10m FM Antenna to fit into my Attic

In my role as the MMMRA TlaOS Net Manager, | should be able to monitor all of our repeaters. |
didn’t have 10m FM capability.

I have a homebrew 6m FM ground plane in my attic to monitor the MMRA 6m repeater. |
decided to put a 10m FM antenna in my attic without adding another coax run. The attic height
is ¥5” and a 10m ground plane is at least 8’ tall with ~16’ diameter radials, so | had to shorten
both the height and the length of the radials.

And how do | feed it in parallel with the 6m GP? This gave me an opportunity to learn about
using coax as a matching network. This is the story.
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