Yagi antennas:

Comparing Height Above Ground
Real Ground vs. Free Space
Horizontal vs. Vertical Polarization

As plotted with the EZNEC
Antenna Modeling Program

Program written by Roy Llewellen W7EL



Please note that we are going
to use a 10 element 2 meter
Yagi for demonstration purposes
But...
The elevation takeoff angles
apply to any horizontal
antenna at ‘x’ wavelengths
above real ground as we will
see at the end of this presentation.
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w. 2D Plot: Five-element Yagi

File Edit WView Options Reset

.0dB... EZNEC

......

..... 14.2 MHz

Elevation Plot
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=lice Max Gain
Beamwvicth
=idelobe Gain
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411 dB

EZNEC can plot any antenna
You can design and tell you
Where your signal will go.

The program will tell you

What you are plotting and
info on gain, beam width,
takeoff angles and more...



w. Yiew Antenna: Five-element Yaaqi
File Edt View 0Options Reset
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EZNEC

For any given height
above ground it will

show you the entire

radiation pattern.



w. 3D Plot: Five-element Yaqi

File Edit Yiew Options Reset

EZNEC

It can show you a
Plot in 3-D as well.



Name

. L8 MHz

L TMHz

. 10 MHz

. 28 MHz

o 50 MHz
. 144 MHz
o 432 MHz
.. Other

4sqtl

4Square L Network Feed ARRL Example

4Square L Network Feed With Z Matching

4Square TL ARRL Example

dsquare
15mquad

20mSelya

BYDipole

BYVee

Cardioid L Network Feed ARRL Example
Cardioid TL ARRL Example

Cardioid

CardTL

d_45qTL

d_4square

d_15mQuad

Date modified
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d_DipTL
d_Elevradl
d_ElevRad2
d_FDSP
d_K5RP

d_Last
d_LogPer

d_LogPerTL
d_N4PCLoop

d_NBSYagi
d_\VHFGP
d_W8JK

Dipolel
Diptl
Elevradl
Elevrad2

Fdsp
KSrp
LAST
Logper
Logpert
Nédpcloop
Nbsyaqgi

Type Size

There are many files
available on the internet
and in the program, itself,
so you do not have to
start from scratch to
build an antenna



Let’s start with a 10 element 2 meter Yagi
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File Edit Options
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Save As
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Src Dat
Load Dat

FF Tab

FF Plot |

Qutputs Setups View Utilities Help
> YU7EF EFO210LT 144 MHz
File LAST.EZ
> | Frequency 144.2 MHz
Wavelength 2079.01 mm
> | Wires 10 Wires, 270 segments
> | Sources 1 Source
> | Loads 0 Loads
> | Trans Lines 0 Transmission Lines
> | Transformers 0 Transformers
> | L Networks 0L Networks
> | Ground Type Free Space
> | 'Wie Loss Zero
> | Units Millimeters
> | Plot Type 3D
> | Step Size 5 Deq.
> | Ref Level 0 dBi
> | Alt SWR Z0 75 ohms
> | Desc Options

EZNEC MAIN SCREEN
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Wifire Create Edit  Other

[~ CoordEntry Mode [ Preserve Connections W Show Wire Insulation

Wires
Mo, End1 End 2 Diamneter Segs Inzulation
# [mm) v [mm) £ [rmm) Conn & [mm) T [rm) £ [mm) Cann [rrirr] Diel T | Thk [mm)

| k| 0 0 12 0 0 A2 8 3B 0

2 280 0 A0z 280 0 a1 8 3B 0

3 387 0 -430.5 a7 0 43805 8 A1 0

4 744 0 4725 744 0 4725 8 A1 0

al 1318 0 -461.5 1318 0 461.5 8 A1 0

B 1334 0 -450.5 1934 0 4505 8 A1 0

7 2727 0 -4395 2727 0 4335 8 A1 0

a8 3536 0 -428.5 3536 0 4285 8 A1 0

3 4330 0 -409.5 4330 0 4035 8 A1 0

10 (5190 0 -385 5130 0 385 8 A1 0
| 7*-;

The wires screen allows you to position each wire
Or piece of tubing in the X-Y-Z dimensions and
Designate its length, position and diameter.
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Then you can show the antenna and flip and
Rotate it in all 3 planes to look at it.
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And it can display the Currents on
Each element of the antenna
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Other views of the 10 element yagi
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Create Edit Other

Add. ..

Delete. . .

Mowe Wire(s) in List. . .
Group Modify. . .

Auto Seg

Change Height by. . .
Change Loop Size, ..
Copy Wires. . .

Mowve Wires XYL, . .
Rotate Wires. . .

Scale Wires, . .

Stack. ..

Taper Segs. . .

Reset Tapered Color

nnections ¥ Show Wire Insulation

Wires
End 2

m) Conn 2 [mm) Y [mm) Z [mm)

0 0 512

280 0 502
5 387 0 480.5
5 744 0 4725
5 1318 0 461.5
5 1984 0 450.5
5 2727 0 4395
5 3536 0 428.5
5 4390 0 409.5

5190 0 385

You can change many parameters of the antenna



EZNEC will allow you to plot SWR curves and
Smith charts for your antenna.

It can help you desigh matching sections,
L networks and transformers.

It can examine transmission lines
you may want to use with an antenna.

You can choose the type of ground
your antenna is over.



It will check that you have not made
any errors in the wire symmetry that
you have specified.

It allows you to write and save notes on
any antenna you have designed.



Lets look at a horizontal 10 element 2M Yagi
elevation and azimuth patterns in FREE SPACE.

This means the antenna Is nowhere near
any ground or structures which could

affect the pattern of the antenna.

(Ideally, out in Space)



Above and below

10 Element2 MYagl o 5 aofizeatl elements
in Free Space e ¥ o
Elevation Plot Dy g BR LB
: 8 2 -10 . * .- . HalfPower Point:

~ -21.6 deg.

u'..

14.09 dBi
Gain

Elevation Plot

42136 deg.

Azimuth Angle 0.0 deq.

Outer Ring 14.09 dBi

Slice Max Gain  14.09 dBi @ Elev Angle = 0.0 deg. A 1 44 . 2 M HZ
Front/Back 2853 dB L, WEE g

Beamwvidth 432deq, -3dB @ 3364, 21 6dey. -~ . T Cursor Eley 0.0 deg.
Sidelobe Gain  -8.87 dBi @ Elev Angle =520dey. . - : Gain 14.09 dBi

Front/Sidelobe 2296 dB i . Iz . 0.0 dBmax



.0dB ..
10 El. 2M Yagl |n '

To.the.right and left

Free SpaCe : Of horizontal elements
Aznmuth Plot at O deg . b AT
.._10...; . g
______ 290 193 deg
4 14.09 dBi
Gain

B ~7+19.3'deg.
Azimuth Plot 2 . .
Elevation Angle 0.0 deg.
Outer Ring 14.09 dBi £
Slice Max Gain  14.09 dBi @ Az Angle = 0.0 deg. _' B e 144 2 MHz
Front/Back 2883 dB okt e
Beamwvidth J66deg, -3dB@ 340.7,193deg. -~ =~ . Cursor &z 0.0 deg.
Sidelobe Gain  -14.17 dBi @ Az Angle=500deg. . . - Gain 14 09 dBi

Front/Sidelobe 28.26 dB . 0.0 dBmax



A
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Next we put the antenna 1/4 wavelength
above real ground

Note that the bottom half of the pattern
is affected by the ground as is reflected in the
lobes created at various takeoff angles

Also note the major lobe takeoff angle.

Follow the takeoff angle and number of
lobes as the antenna is placed higher.



____

Above Ground

N Curzor Elew 240 deq.
Eleation Plot ain 1234 dBi
Azimuth Angle 0.0 deg. 0.0 dBmar:
Cuter Ring 12.34 dBi

Slice Max Gain 12.34 dBi @ Elev Angle = 24 .0 deq.
Beamyyidth 24 B deq., -3dB @ 1.9, 36.5 deg.
Sidelobe Gain -12.06 dBi @ Elev Angle = 75.0 deg.
FrontfSidelobe 244 dB

144.2 MHz ...~

OdB

""""

12.34 dBi
Gain

24°
Y




-0 dB. s
10 El. 2M Yagl % S
up 1/2 Waves. (~3 ft)
over real ground

19 Deg.

. 15.74 dBi
. @Gain

Elevation Piot

Azimuth Angle 0.0 deg. : 7 S s :
Outer Ring 15.74 dBi G e

i 144.2 MHz
Slice Max Gain  15.74 dBi @ Elev Angle = 19.0 deqg. 1A ;
Beamwvicth 206 deg.; -3dB @ 9.3, 29.9 deg. _ .- CursorElev 19.0 deg.
Sidelobe Gain  -12.04 dBi @ Elev Angle = 151 .0 deg. Leth 4 Gain 15.74 dBi

Front/Sidelobe 27.78dB R 0.0 dBmax



10 El. 2M Yag| LB
up 3/4 Waves. (~5 ft)
over real ground

| ._1. 0'.

16 Deg.

"~ 17.52 dBi
Gain

Elevation Plot

Azimuth Angle 0.0 deg. " s Ok g S 7
Outer Ring  17.52 dBi o 144.2 MHz
Slice Max Gain  17.52 dBi @ Elev Angle = 16.0 deg. ' b Cursor Elevy 16.0 deqg.
Beamwicth 171 deqg.; -3dB @ 7 6, 24.7 deq. Ao .. Gain 17.52 dBi

Sidelobe Gain  -6.92 dBi @ Elev Angle =74 0dey. - - ~ 0.0 dBmax
Front/Sidelobe 24 .44 dB ' 2 v 4,



10 El. 2M Yagu :
up 1 Waves. (~6.5 ft)

over real ground

.._1'0'..'. -'

13 Deg.

© 18.36 dBi

Elevation Plot
Azimuth Angle
Outer Ring

Slice Max Gain
Beamwvidth
Sidelobe Gain
Front/Sidelobe

Gain

0.0 deg. 5l o T

18.36 dBi G SR 144.2 MHz
1836 dBi @Elev Angle =130dey. ~ ° .- CursorElev  13.0 deg,
14.0 deg.; -3¢B @ 6.3, 20.3 deg. Y oasd  seGaln 18.36 oBi
0.04 dBi @@ Elev Angle=370deg. ...-"" . 0.0 dBmax

18.32dB



10 EIl. 2M Yagi - -
up 1 1/4 Waves. (~8 ft)
over real ground

» .'_1'0'. ;

Elevation Plot
Azimuth Angle
Outer Ring

Slice Max Gain
Beamwvicth
Sidelobe Gain
Front/Sidelobe

11 Deg.
- 18.89 dBi
Gain
0.0 deg. . W C O :
18.89 dbi Lt TR L
s 144.2 MHz
18.89 dBi @ Elev Angle = 11.0 deg. 3B T
11.6 deg,; -3dB @ 5.3, 16.9 deg. + ..~ CursorElev 11.0deg.
8.47 dBi @ Elev Angle = 32.0 deg. F Gain 18.89 dbi

10.42 dB o N 0.0 dBmax



.0 dB: .

TOEL 2MYag| . %
up 2 Waves. (~13 ft)

over real ground

.._10'..'. .

7 Deg.
. & 19.5 dBi

* Elevation Plot B o g g g Gain

Azimuth &ngle 0.0 deg. : T g '

Outer Ring 19.5 dBi A % 1442 MHZ

Slice Max Gain  19.5 dBi @ Elev Angle = 7.0 deg. : o Cursor Eley 7.0 deg

Beamwvidth 7.3 deg, -3dB @ 36,109 deg. < aain 1'9 5 dBi

Sidelobe Gain  15.94 dBi @ Elev Angle = 22.0 deqg. - 0 0 dABma

Front/Sidelobe '

3.56 dB



10 El.2M Yagi - . -
up 3 Waves. (~20 ft)
over real ground

. 19.76 dBi
levati ~ Gain
Elevation Plot X o e A :

Azimuth Angle 0.0 deg. W e '
Outer Ring 19.76 dBi % e 144 2 MHZ

Slice Max Gain  19.76 dBi @ Elev Angle = 5.0 deq.

Beamwvidth 48 deq., -3dB @ 2.5, 7.3 deg. i
Sidelobe Gain 1816 dBi @ Elev Angle =150deg. - -~
Front/Sidelobe 1.6 dB

Cursor Elevy 5.0 deq.
Gain 19.76 dBi
0.0 dBmax



.-0dB- ..
10 El. 2M Yagi '

up 4 Waves. (~26 'ft)'
over real ground

..'_1'0'..'

| Deg.

e oy 3N : R T . 2 8 . : 19.79 dBi
Azimuth &ngle 0.0 deg. - o g R . Gain

Outer Ring 19.79 dBi S b 144 .2 MHz

Slice Max Gain  19.79 dBi @ Elev Angle = 4.0 deq.
Beamwvidth 36deqg., -3dB @ 19,55 deq.
Sidelobe Gain  18.92 dBi @ Elev Angle = 11.0 deq.
Front/Sidelobe 0.87 dB

Cursor Elevy 4.0 deqg.
Gain 19.79 dBi
0.0 dBmax



10 El. 2M- Yagl
up 5 Waves. (~33 ft)
over real ground

.._10'..',_-'

Elevation Plot

Azimuth &ngle 0.0 deg. : T :
Outer Ring 19.93 dBi . A ;

I 144 .2 MHz
Slice Max Gain  19.93 dBi @ Elev Angle = 3.0 deg. : ol
Beamuwvidth 2.7 deg.; -3dB @ 1.6, 4.3 deg. ...0" - - CursorElev 3.0deg.
Sidelobe Gain 1928 dBi @ Elev Angle=90deg. ~~ - . - - . Gain 19.93 dBi

Front/Sidelobe (066 dB g o P 0.0 dBmax



10 EL 2MYag| B
up 10 Waves. (~66 ft)

over real ground

......

Elevation Plat

Azimuth Angle
Outer Ring

Slice Max Gain
Beamwidth
Sidelobe Gain
Front/Sidelobe

0.0 deq.
18.85 dBi

18.85 dBi @ Elevy Angle = 1.0 deq.
11 deq., -3dB @ 1.0, 2.1 deq.
18.74 dBi @ Elev Angle = 4 0 deg.
011 dB

.._10'..'. :

=——————3 1 Deg.
~ 18.85 dBi
I : Gain
144.2 MHz
Cursor Elevy 1.0 deq.
Gain 18.85 dBi

0.0 dBmax



10 EL 2MYag| L, A W
up 10 Waves. (~66 ft)
over real ground

1 0'. "

18.85 dBi
Gain
Elevation Plat
Azimuth Angle 0.0 deq. R : §
Outer Ring 18.85 dBi
144.2 MHz
Slice Max Gain  15.85 dBi @ Elev Angle = 1.0 deq. : sy
Beamwvicth 11 deg, -3dB @ 1.0, 2.1 deg. ST Cursor Elev 1.0 deg.
Sidelobe Gain  18.74 dBi @ Elev Angle=40deg. ~°. . . Gain 18.85 dbi

Front/Sidelobe 0.11 dB - : 0.0 dBmax



10 Element 2 M Yag[
in Free Space ™ -

Elevation Plot o

14.09 dBi

Gain
Lower Half of plot removed

-~

Elevation Plot

Azimuth Angle 0.0 deq.

Outer Ring 14.09 dBi

Slice Max Gain  14.09 dBi @ Elev Angle = 0.0 deg. A 1 44 . 2 M HZ
Front/Back 2853 dB ., WEE B N

Beamwvidth 432deq, -3dB @ 336.4,216dey. ~ . S Cursor Eley 0.0 deg.
Sidelobe Gain  -8.87 dBi @ Elev Angle =520dey. . - : Gain 14.09 dBi

Front/Sidelobe 2296 dB 3F . 7 . 0.0 dBmax



10 EL 2MYag| L, B W
up 10 Waves. (~66 ft)
over real ground

e 0.. "

18.85 dBi
Gain
Elevation Plat
Azimuth Angle 0.0 deg. 29, P : J
Outer Ring 18.85 dBi 1 44 2 M H
: Z
Slice Max Gain  15.85 dBi @ Elev Angle = 1.0 deq. : sy
Beamwvidth 11 deg,; -3dB @ 1.0, 2.1 deqg. ST &3 Cursor Eley 1.0 deg.
Sidelobe Gain  18.74 dBi @ Elev Angle=40deg. ~°. . . Gain 18.85 dBi

Front/Sidelobe 0.11 dB - : 0.0 dBmax



What happens if we flip the
antenna to vertical polarization?

Note that there is some
ground gain, but not as much
as with horizontal polarization.

Again diminishing returns as we
go higher with the antenna.



OdB

agi Vertical Pol;

144.2 MHz -

Cursor Eley  12.0 deg. o
Gain 11.36 dBi s 1

0.0 dBmax g
J DB,
/" %
'

Elevation Plot
Azimuth Angle 0.0 deg.
Outer Ring 11.86 dBi

Slice Max Gain  11.86 dBi @ Elev Angle = 12.0 deg.
Beamwvidth 159 deq, -3dB @ 5.0, 20.9 deg. :
Sidelobe Gain  -13.48 dBi @ Elev Angle = 52.0 deg.
Front/Sidelobe 25.34 dB

ST [P Y O IR | YT URCIL TR Ce | (M Py
I]Illllll'lllllllllllll

Note the lower takeoff angle for height 11.86 dBi

Above ground due to vertical polarization. Gain
H. Pol (15.74 dBi)

Also note lower gain vs. Horizontal Polarization



0 dB

10 EI 2 agi Vertical Pol,
/4 Wavelength

144.2 MHz

Cursor Elev  10.0 deg. i

Elevation Plot oan 10.30'45533,( goeBin 20 -
Azimuth Angle 0.0 deg. i
Outer Ring 13.42 dBi ' P, 1 0
Slice Max Gain  13.42 dBi @ Elev Angle = 10.0 deg. v -30--. A * B
Beamwvicth 14 4 deg.; -3dB @ 4.4, 15.5 deg. A’ — % :
Sidelobe Gain  -12.33 dBi @ Elev Angle = 500 deg. s < 7 B | ey :
Front/Sidelobe  25.75 dB ! ; F‘ J\
) 13.42 dBi
Notice that we so not see the deep nulls we Gain
see with the horizontal antennas. This is H. Pol (17.52 dBi)

due to less interaction with the ground.



O0dB

agi Vertical Pol,
Wavelength 1

10 ElI 2

1442 MHz

Cursor Elev 9.0 deg.
Gain 14.36 dBi

Elevation Plot ' 0.0 dBmax

Azimuth Angle 0.0 deg.
Outer Ring 14.36 dBi

- e
- N
- -

Slice Max Gain  14.36 dBi (@ Elev Angle = 9.0 deg.
Beamwvicdth 134 deg,; -3dB @ 4.0, 17 4 deg.
Sidelobe Gain  -15.7 dBi @ Elev Angle = 172.0 deg.
Front/Sidelobe  30.06 dB

3 )
|| PO { ISR | Y LI £
l I'Il T lIIlI' Illl

14.36 dBi
Gain
H. Pol (18.36 dBi)



0dB

-+

agi Vertical Pol|

.-
2P0

1442 MHz . 45

Cursor Eley 7.0 deg. i

i Gain 15 .68 dbi B

Elevation Plot 3 0.0 dBmax p 2 20 R
Azimuth &ngle 0.0 deg. : =2
Outer Ring 15.68 dBi / N
Slice Max Gain 15,68 dBi @ Elev Angle = 7.0 deg. 7 ¥ -30--.. : T
Beamwvidth 11.1 deqg,; -3dB @ 3.3, 14.4 deg. & ‘._____-—~-'""— 5 ¥ P
Sidelobe Gain  -13.84 dBi @ Elev Angle = 173.0 deg. R I e Ve
Front/Sidelobe 29.52 dB ! 7 pi# I i R L T

N N SN T e N\ e )

I L) L) L L) I L) L L] L I L L) L) L) I L) L T T I L I I l I I v v v v I v v v A I v L T T I T T T T l

15.88 dBi
Gain

H. Pol (~19 dBi)



....
P

144.2 MHz

Cursor Eley 6.0 deg.

Gain 16.6 dBi
0.0 dBmax
Elevation Plot
Azimuth &ngle 0.0 deg.
Outer Ring 16.6 dBi

Slice Max Gain  16.6 dBi @ Elev Angle = 6.0 deg.

O0dB

-
.
-

Beamwvicth 8.1 deg., -3dB @ 2.5,10.9 deg. AL
Sidelobe Gain  §.07 dBi @ Elev Angle = 25.0 deg. - )
Front/Sidelobe  8.53 dB <N Y 3 o~
: ¢ ) . _____-\——vj Y v ———T
Ln s v e JRne v o] sanpndl v oo 59 Lt ot s S et Ipup I ! — |
—t—t— 1ttt == = } —t j

16.6 dBi
Gain

H. Pol (19.5 dBi)



O dB

agi Vertical Pol,

144.2 MHz

CursorElev 30deg. .- 15
Gain 15.49 dbi 1 £
0.0 dBmax : b
Elevation Plot é ST '20"" 2
Azimuth Angle 0.0 deg. . ] ?
Outer Ring 16.49 dBi ‘ Y i

Slice Max Gain  15.49 dBi @ Elev Angle = 3.0 deg. - _30 o
Beamwvidth 29deq. -3dB @ 1.4, 4.3 deg. : % %

Sidelobe Gain 1551 dBi @ Elev Angle =9.0deg. i I ¥
Front/Sidelobe  2.98 dB ; & Q\ l :
—t—t—rt +—t—t i 1

18.49 dBi
Gain

H. Pol (19.93 dBi)



0dB

agi Vertical Pol.

o el
P
-

144.2 MHz

Cursor Elev 1.0 deg. vl 1
Gain 18.34 dBi

0.0 dBmax e =20

Elevation Plot
Azimuth Angle 0.0 deg.
Outer Ring 18.34 dBi

Slice Max Gain  15.34 dBi @ Elev Angle = 1.0 deg.
Beamwvidth 1.2deg, -3dB @ 1.0, 2.2 deg.
Sidelobe Gain  16.92 dBi @ Elev Angle = 4.0 deg.
Frort/Sidelobe 1.42dB

1
’
| T (SEPT PP O]

—t +
| R T - R - T

18.34 dBi
Gain

H. Pol (18.85 dBi)



OdB

10 EI 2 agi Vertical Pol|

0 Wavelengths _5

-
-r"
-
.
-

.....
"
-
-
-
-
-
-

144.2 MHz

Cursor Eley 1.0 deg.
Gain 18.34 dBi
0.0 dBmax

......
''''
-

Elevation Plot
Azimuth Angle 0.0 deg.
Outer Ring 18.34 dBi

Slice Max Gain  18.34 dBi @ Elev Angle = 1.0 deg.
Beamwvidth 12deg, -3dB @ 1.0, 2.2 deg.
Sidelobe Gain  16.92 dBi @ Elev Angle = 4.0 deg.
Front/Sidelobe 1.42dB

1

]
[ s s i o fF e s PencelS] s g
| R T - - T -




. 0dB- ..
10 EL 2MYag||n o

Free Space R ey
A2|muth Plot at O deg

| sy, U 5




HEIGHT FIRST LOBE
ABOVE GAIN IN dBi  TAKEOFF ANGLE
GROUND

10EL- 10EL 10 EL

VPOL 10EL VPOL
Free space 14.1 14.1 0 0
1/2 WAVE  15.7 11.9 19 12
3/ WAVE 17.5 13.4 16 10

1 WAVE 18.4 14.4 13
1-1/2 WAVE 19.2 15.9
2 WAVE 19.5 16.6
5 WAVE 19.9 18.5
10 WAVE 18.9 18.3

= W N W
= W O N W



Let’s see how this applies to antennas on
various bands...

Will the takeoff angle be the same on every
band for the same per-cent wavelength above ground?

We will look at 2, 6 and 10 Meter yagis at 1, 2, and 5
wavelengths above ground.

What would you expect to see?



Yagis up one wavelength:




OdB 144.2 MHz

10 EI 2M Yagl ‘ = o _+ . " CursorElev 13.0deg.
Up 1 WaveS (~6 5 ﬂ) : 2 e ' A o © Gain (11863;58?“9;
over real ground ok, FR s iy,

Elevation Plot ’
Azimuth Angle 0.0 deg.
Outer Ring 18.36 dBi

Slice Max Gain  18.36 dBi @ Elev Angle =130 deg."”
Beamwidth 140 deqg, -3dB @ 6.3, 20.3 deq.
Sidelobe Gain  0.04 dBi @ Elev Angle = 37 .0 deg.
Front/Sidelobe 18.32dB

13 degrees
18.36 dBi



Elevation Plot
Azimuth Angle
Outer Ring

Slice Max Gain
Beamwvicth
Sidelobe Gain
Front/Sidelobe

/ 0dB
5 EL ;Ln)aﬁ |
up 1. Wave (~ 6 ft)

evation plot

\\\\\\
-~

1442 MHz .

=
-

Cursor Eley  14.0 deg.

Gain 1547 dBi 1
0.0 deg. 0.0 dBmax 7
1547 dBi 3 '20"
15.47 dBi @ Elev Angle = 14.0 deg. %
149 deg.; -3dB @ 6.7, 21 6 deg. .
785 dBi @ Elev Angle = 44.0 deg. - =30--
762dB 4

: , 15 e ; S
| ] | 1 Lt s e, i W -

15.47
dBi

14 degrees
15.47 dBi



0dB
leent 6 Meter Yagi

Up ~20 Ft. + 1 Wavelength

50.1 MHz e A0

Cursor Eley 140 deq.

Zain 16.15 dBi
Elevation Piot 00 dBmax  ~ 15
Azimuth &ngle 0.0 deg. ] 5% - i
Cuter Ring 16.15 dBi -

Slice Max Gain 16.15 dBi @ Elev Angle = 14.0 deg.
Beamyvicth 141 deqg,; -3dB @@ 6.5, 206 deg.

Sidelobe Gain 8.05 dBi @ Eley Angle = 40.0 deg.
Front/Sidelobe &1 dB

14 degrees
16.15 dBi



=
-I"’
-

' 28.3 MHz

» Cursor Eley 14.0 deg.
Elevation Plot Gain 12.94 dBi
Azimuth Angle 0.0 deg. 0.0 dBmax
Outer Ring 12.94 dBi ¢

Slice Max Gain  12.94 dBi (@ Elev Angle = 14.0 deg.
Beamwvicth 155 deqg,; -3dB @ 7.0, 225 deg.

Sidelobe Gain  9.25 dBi @ Elev Angle = 45.0 deg.
Front/Sidelobe 3.891dl3 : : I,'

JEI10
33 Ft-1

F )
-

0dB

Yagi up

avelength
..... S

.-
e
-

NOTE: a 40 M dipole up 1 wavelength
Has its major lobe at 15 degrees

14 degrees
12.94 dBi



Let’s go up to two wavelengths:




10ElL.2M Yagi ~ - . .~ 1442MHz

up 2 Waves. (~13ft) -~ T e
overreal ground i . T
'Elevation Plot _10 T A T L P &
Azimuth Angle 0.0 deq.
Outer Ring 19.5 dBi

Slice Max Gain  19.5 dBi @ Elev Angle = 7.0 deg. ‘._2'0 :
Beamwidth 7.3deqg., -3dB @ 36,109 deg.

Sidelobe Gain  15.94 dBi @ Elev Angle = 22.0 deg. -
Front/Sidelobe 3.56 dB

7 Deg.
19.5 dBi



Elevation Plot
Azimuth Angle
Outer Ring

Slice Max Gain

P 2 WL (~13 ft.)

1442 MHz

Cursor Eley 7.3 deg.
Gain 16.18 dBi
0.0 dBmax

0.0 deg.
16.18 dBi

16.18 dBi @ Elev Angle = 7.3 deg.

Elevation Plot -~

0 dB

16.18
dBi

Beamuwicth 7.4 deq.; -3dB @ 3.6, 11.0 deqg. R o 7
Sidelobe Gain 14.25 dBi @ Elev Angle = 22.3 deg. — A aah Sk
Front/Sidelobe  1.93 dB il ; o S ;

Loy ey e | N e —]

IIIII]::::IIIITIIIIIIII

7 degrees
16.18 dBi



0dB
6 Meter Yagi 1
UP 2 Wavelen

6 EL YAGI AT 40 FEET .~

20.1 MHz

Cursor Eley 6.8 deg. b v g '1 5‘ -
Gain 16.52 dBi S 1
0.0 dBmax 3 -7

Elevation Plot
Azimuth Angle 0.0 deg.
Quter Ring 16.82 dBi

Slice Max Gain  16.82 dBi (@ Elev Angle = 6.8 deg.
Beamwvicth 70deqy, -3dB @ 34,104 deqg.
Sidelobe Gain  15.05 dBi @ Elev Angle = 21.0 deg.
Front/Sidelobe 1.77 dB

»
R S S T SR ST ST S S —
| PRI FTam PO ROy Y SN FUYL S PO G A PO O P PR N S ) R U R |

6.8 Deg.
16.8 dBi



0dB

3 ElI10 M Yagi up
66 Ft - 2 wavelength

1

28.3 MHz

Cursor Eley 7.0 deg. ; =
Gain 13.38 dBi 5 s 1
0.0 dBmax e b5 20 i

Elevation Plot ; . -
Azimuth Angle 0.0 deg. 7
Outer Ring 13.39 dBi

Slice Max Gain 1333 dBi @ Elev Angle = 7.0 deg. RNy
Beamwvidth 76 deqg, -3dB @ 3.7, 11.3 deg. o | Y
Sidelobe Gain  12.31 dBi @ Elev Angle = 23.0 deg. .' N, N 5
Front/Sidelobe 1.08 dB )

[ R [ T e t
ll"'ll"llll'lllllll'll

7 degrees
13.39 dBi

NOTE: a 40 Meter dipole up 2 wavelengths
Has its major lobe at 7 degrees



Now, what would you expect

if we go up five wavelengths?



10 El. 2M- Yagl
up 5 Waves. (~33 ft)

over real ground

Elevation Plot

Azimuth Angle
Outer Ring

Slice Max Gain
Beamwvidth
Sidelobe Gain
Front/Sidelobe

.....

0.0 deq.
19.93 dBi

19.93 dBi @ Elev Angle = 3.0 deg.
27 deq., -3dB @ 1.6, 4.3 deg.
19.28 dBi @ Elev Angle = 9.0 deg.
066 dB

.._10'..'._-'

3 Deg.
- 19.93 dBi
~ Gain
144.2 MHz
" Cursor Eley 3.0 deq.
. Gain 19.93 dBi
0.0 dBmax



0dB

6 E1 6 MiYagi up
100 Ft - wavelength

501 MHz

Cursor Eley 3.0 deg. W e -1 0 SRERSE o
Gain 17.04 dBi i
0.0 dBmax
Elevation Plot BT R B L e LN,
Azimuth Angle 0.0 deg. el 1 S
Outer Ring 17.04 dBi 5

-
-

Slice Max Gain  17.04 dBi @ Elev Angle = 3.0 deg.
Beamwvidth 28 deq, -3dB @ 1.4, 4.2 deqg.
Sidelobe Gain  16.68 dBi @ Elev Angle = 8.5 deqg. X T
Front/Sidelobe  0.36 dB et i 30 s

3 Degrees
17 dBi



Just for fun, | have modeled my
4 bay 2 meter array used for EME
4 x 20 elements in a 12 foot square

| only show the Horizontal
Polarization plots...

The lower 2 antennas are
up 8 ft and he upper 2 are
up 20 ft... The effective
array height is 14 ft. or
just over 2 WL high.




144.2 MHz *

Cursor Eley 5.0 deg.

Gain

Elevation Plot
Azimuth Angle
Outer Ring

Slice Max Gain
Beamwvicth
Sidelobe Gain
Front/Sidelobe

2425 dBi
0.0 dBmax

0.0 deg.
24 .25 dBi

24.25 dBi @ Elev Angle = 5.0 deg. *

52deq, -3dB @ 2.5, 7.7 deg.

17.78 dBi @ Elev Angle = 30.0 degq.

6.47 dB

----
-
-

.....
-
RXY




40 EL EM
5 de

-
-
D

144.2 MHz )
Cursor Elev 5.0 deg. o g4
Gain 23.31 dBi ’
0.0 dBmax .
Elevation Plot ' '
Azimuth Angle 0.0 deg. L
Outer Ring 23.31 dBi ’

Slice Max Gain
Beamwvicth
Sidelobe Gain
Front/Sidelobe

23.31 dBi @ Elev Angle = 5.0 deg.

S54deqg., -3dB @ 25,79 deg. .
17.76 dBi @ Elev Angle = 12.0 deg. |,‘
5.55dB ¢

. . '
' ' ' : ¢
| % i R ] Sk Rek || soxuiialy ah R o

t

0dB

RRAY
es elevation s

........
-
Cay
-
-
~
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.




0dB

40 EL EME ARRAY
10 degrees elevaion 5

-
-
-

-
P
-

144.2 MHz

Cursor Eley  11.0 deg. i
Gain 21.82 dBi )
0.0 dBmax 72
Elevation Plot ,

Azimuth &ngle 0.0 deg.
Outer Ring 21.82 dBi

Slice Max Gain  21.82 dBi @ Elev Angle = 11.0 deg. ,"
Beamwvicdth 108 dey,; -3dB @ 3.4,14.2 deg. %
Sidelobe Gain  19.68 dBi (@ Elev Angle = 5.0 deg.

Front/Sidelobe 214 dB
+—t—t—t—f—+—+—+—+——+—+—+—




0dB
40 EL EMEARRAY

1442 MHz -

Cursor Elev  11.0 deg.

Gain 2227 dBi
0.0 dBmanx 3
Elevation Plot X;
Azimuth Angle 0.0 deg. g
Outer Ring 2227 dBi o

Slice Max Gain  22.27 dBi @ Elev Angle = 11.0 deg. _-'
Beamwvidth 56deg,; -3dB @ 5.5, 14.1 deg.
Sidelobe Gain 2012 dBi @ Elev Angle = 20.0 deg.
Front/Sidelobe 2.15dB

'
s

| PSS A S | S SRV [\ 0.7 A L A P<S] Bk Y AR

1ttt




0dB

40 EL EME ARRAY
20 degrees eleyaion 5

1442 MHz

Cursor Eley  21.0 deg. .
Gain 20.58 dBi / B
0.0 dBmax <5t 22

/
Elevation Plot
Azimuth &ngle 0.0 deg. J
Quter Ring 20.58 dBi i

Slice Max Gain  20.58 dbi @ Elev Angle =21 O deg. ¢
Beamwvicth 96 dey. -3dB @ 17.0, 26.6 deg. ¥
Sidelobe Gain  19.85 dBi @ Elev Angle = 11.0 deg.
Front/Sidelobe 0.73dB

'
'
I s
e A o e | W on e o | e Sk | SRR % SEE
t t t t T )




0dB

40 EL EME ARRAY
25 degrees elevaion 5

-
-

1442 MHz .~ ,
Cursor Eley  26.0 deg. ’
Gain 19.8 dBi £

0.0 dBmax

i’
Elevation Plot
Azimuth &ngle 0.0 deg.
Outer Ring 19.8 dBi

Slice Max Gain  19.8 dBi @ Elev Angle = 26.0 deg. _f'
Beamwvicth 15.0degy, -3dB @ 17.7,32.7 deg. |
Sidelobe Gain  16.64 dBi @ Elev Angle = 4.0 deg.
Front/Sidelobe 316 dB

'
s

| e oo e [ s sl ool e

Tttt




40 EL EME ARRAY
30 degrees elevaion 5

-
-

-
v
-

1442 MHz

Cursor Eley  30.0 deg.
Gain 19.77 dBi ;
0.0 dBmax e

Elevation Plot
Azimuth Angle 0.0 deg.
Outer Ring 19.77 dBi

Slice Max Gain  19.77 dBi @ Elev Angle = 30.0 deg. .
Beamwvidth 155 deg.; -3dB @ 22.4, 37 9 deg. 1

Sidelobe Gain  17.32 dBi @ Elev Angle = 5.0 deg. .
Front/Sidelobe 2.45dB v

'
:
T e e B F o [ e oo [ e

0dB

......
~-a
-
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40 EL E ARRAY
35 degrees ele

.-
-
.

-

1442 MHz

Cursor Eley  35.0 deg.

Gain 19.69 dBi 2 55T
0.0 dBmax . e
i
Elevation Plot i
Azimuth &ngle 0.0 deg. J.’
Quter Ring 19.69 dBi it /

Slice Max Gain  19.69 dBi @ Elev Angle = 35.0 deg.
Beamwvicth 16.0 deg.; -3dB @ 271, 43.1 deg.
Sidelobe Gain  15.39 dBi (@ Elev Angle = 5.0 deg.
Front/Sidelohe 4.3 dB

'
:
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0dB

......
-
-
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40 EL EME ARRAY
40 degrees elevaion 5

-

144.2 MHz -~

Cursor Elevy  41.0 deg. gmeg
Gain 19.93 dBi 5 5 "
0.0 dBmax 4
[ s /
Elevation Plot

Azimuth &ngle 0.0 deg.
Outer Ring 19.93 dBi

Slice Max Gain  19.93 dBi @ Elev Angle = 41 .0 deg. .,'
Beamwvidth 151 deg,; -3dB @ 32.6,47.7 deg.
Sidelobe Gain  13.62 dBi @ Elev Angle = 12.0 deg.
Front/Sidelobe 631 dB

+ + : + 1 ] [ A S =1

0dB

......
~-a
-
ST
-
-
~
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0dB

40 EL EME ARRAY
45 degrees elevaion-5

-
s

1442 MHz -

Cursor Eley  45.0 deg.
Gain 19.86 dBi i e
0.0 dBmax e RS

Elevation Plot
Azimuth &ngle 0.0 deg.
Outer Ring 19.86 dbi

Slice Max Gain  19.36 dBi @ Elev Angle = 45.0 deg. :
Beamwicth 151 deg.; -3dB @ 37.7,52.8 deg. i
Sidelobe Gain  13.26 dBi @ Elev Angle = 17.0 deg. S
{ Frort/Sidelobe 6.6 dB

'
.v
| AR v ] o S Ver ] ESPrtrati] |




40 EL EME ARRAY

-
-'"-
‘-'
>

144.2 MHz - g

Cursor Eley  50.0 deg. e ’
Gain 19.95 dBi
0.0 dBmax ’

Elevation Plot '
Azimuth Angle 0.0 deg. ',’
Outer Ring 19.95 dBi :
Slice Max Gain  19.95 dBi @ Elev Angle = 50.0 deg. ;'
Beamwvicth 149 deg.; -3dB @ 42.7, 57 6 deg. £
Sidelobe Gain  13.66 dBi @ Elev Angle = 23.0 deg.

Front/Sidelobe

6.29 dB
| o5 so e s silae suft sown

0dB




40 EL EME ARRAY

-
-
-

1442 MHz .~

Cursor Elev  60.0 deg.
Gain 19.77 dBi
0.0 dBmax

!
Elevation Plot
Azimuth &ngle 0.0 deg.
Outer Ring 19.77 dBi

Slice Max Gain  19.77 dBi @ Elev Angle = 60.0 deg.
Beamwicth 15.4 deg,, -3dB @ 52.3, 67.7 deg.
Sidelobe Gain  13.7 dBi @ Elev Angle = 32.0 deg.
Front/Sidelobe  6.07 dB

----
-
r

-
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40 E>L EME

144.2 MHz .

Cursor Eley  70.0 deg.

Gain 19.81 dBi
0.0 dBmax 55
1( . 'l 'r
Elevation Plot

Azimuth Angle 0.0 deg.
Outer Ring 19.81 dBi

Slice Max Gain  19.81 dBi @ Elev Angle = 70.0 deg.

Beamwvidth 15.5 deg,, -3dB @ 62.3, 77.5 deg.

Sidelobe Gain  13.39 dBi (@ Elev Angle = 42.0 deg.
Front/Sidelobe 6.42 dB

ARRAY
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0dB
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—_——————




40 EL EME ARRAY

-
egrees eievalion
C
0’-
.

1442 MHz

Cursor Elev  80.0 deg.

Gain 19.72 dBi / =
0.0 dBmax
Elevation Plot i o
Azimuth Angle 0.0 deg. e e
Outer Ring 19.72 dBi ',’ ¥
Slice Max Gain  19.72 dBi @ Elev Angle = §0.0 deg. ',’ &
Beamwvicth 156 deg.; -3dB @ 72.0, 87 6 deg. :‘
Sidelobe Gain  13.15 dBi @ Eley Angle = 52.0 deg. ) -
Frort/Sidelobe  6.57 dB l.' ]
|
I

-
-
-

0dB

f e
o

| e G o | e SR s
+————————




So, what have we learned from all this?

* A Horizontally polarized Yagi close to the ground has
~4.7 dB extra gain due to the ground proximity
(It can have as much as 6 dB over perfect ground)

* As we increase the height above ground we get an
increased number of lobes but they get narrower.

* As we raise the antenna from % WL, we also get more gain
due to ground gain, to a point.

* As we increase the height above ground we approach
the free space pattern of the antenna with lowering gain.

* These trends exist for ALL directional antennas over ground
as we saw comparing 2, 6 and 10 meter arrays & a 40 M Dipole.

* Ground gain is reduced 1-3 dB for a vertically polarized
antenna vs. a horizontal antenna



Now, How do we use this Information?

We use it to predict where our signal will
go at any given time on any given band.

VOACAP knows how big and how high
antennas are at both ends and it
calculates the best time of day for the
power you use for the path you want.



ﬁ http: /fwww.voacap.com/prediction. himl

VOACAP Online

Tt R [fEE0T e [555E |m,[281 | * Year [2015 V] Month: [Way ;” s I

Progagaticn Famams Trarsmiter 2te Racaner s ¥
€ Ng V| Mode:  [Awin V] am [ccesedsiocmon>> o [uGmemcume V]
gsv [ | wnToA [TiV]" Name: [EEse= [ tocesic ] Name:  [Welocume )[teceaic |
Tocey's Sunrisa’3unsat Times (UTC; Lattuce: |25.0210 | [=C.561 Lattuse:  [32C000 |F2a.20

m""""::" e "'“g: Logitde  [E02510 |1-122.18% Longitde:  [145.0000 [RERE
cofEE |EE |FE Fe ] rere s oousn v RX antemns [T Vag @ 20% E5% V]

TXoower [10GW V)

= (TS | | 2= | = | Xk R The Crcusr chart above s7ces pracicticns for sil HF amateur radic bands. How

N CEF TR | T | =T | G

2pecas | SweeTHAX | [2herzeamn v
Cumem cort: [ Set Home |




X to RX: |15478 ~km, I_9618 - mi, |246 ® Year:
— Propagation Params
Es: [No @{ Model:  |Auto |
SSN: J Min. TOA: 0_1_@_] P
— Today’s Sunrise/Sunset Times (UTC)
Transmitter Receiver
Rise Set Rise Set
GND »11:35 [23:16 | 19:46 | |_(}8:31 '
D [11:08 2343  [19:16  [09:00
F 1033 [o0:18  f18:36  [09:40
- TX to RX: [15607 km, | 9698 mi, | 241 “Year: (2015 V| Month: | May V|
Transmitter Site , Receiver Site ,
QTH: << Select a location >> W QTH: VI Melbourne '
Name: EL96ua ~ Loc calc Name: Melbourmne ~ Loc calc
Latitude: 26.0210 [-90..90] Latitude: -38.0000 [-90..90]
Longitude: -80.2910 [-180..180] Longitude: |145.0000 [-180..180]
TX antenna: |3-el Yaqi @ 20M (66ft) W RX antenna: | 3-el Yaagi @ 20M (66ft) A"
TX power: 100W W
g The circular chart above shows predictions for all HF ame
TX mode: CW v
mode bands. Hover the mouse over the chart for details. For pre
Specials: Swap TX-RX Short-path v with more frequency coverage, click the "Run prediction!”
Current point:| Set Home Unset Home Run prediction!
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TX to RX: (15807 km. |2892 mi, [241 *Year: |2015 v| Month: | May v|| This







Thank you for your attention.

PETE RIMMEL
PO BOX 848879, HOLLYWOOD, FL. 33081 U.S.A.

Any Questions?

Broward County - LOC: EL96ua - CQZ 5.I1TU B
calr { 5
¥ &N 1 [

Life Membey “ome &

10 BAND DXCC - S BAND WAZ - NO. 1 HONOR ROLL

4 N
CFM QSO with:
Date [ utc | mHz [2-way |RS(M)
‘ EME Station: 1.5 KW to 4 x 20 XP M-2 Antennas
‘ Your hest EME S/'N report:
T -+ HF 3taton: lcom 7600 lIcom 7100 Icom 7000
J ) (HF) AMP Supply LK-800 (B M)} HEATHKIT SB-200
N e iy — £ ASL FRONT: 1'4 WAVE SHUNT FED TOWER - 160 M.
STEFPIR DB-36 3 70 FT. EO M Inv. Vaa & 50 Ft.

2 5 =3 WALLER FLAG LOOP 3 80 FT. H 8 V POLARIZATION
J PSEQSLTKS ) 73, 6 EL HY GAIN 6 M YAGI - MAGNETIC LOOP FOR 160



