Antennas:
Hints and Kinks

North Fulton Amateur Radio League
March 15, 2016
Chuck Catledge, AEACW

Questions and Discussion Welcome!




What's the MOST Important
Component in your Shack?

Your ANTENNAI!!




How did this thing
we call an Antenna come about?

Let’s go back in time

and
find the answer




Electricity iIs Magnetic!
In 1831

Michael Faraday (English)
and
Joseph Henry (American)

discovered that
a moving magnet
produces an
electric current
In a nearby wire!




Electricity iIs Magnetic!

‘F

Joseph Henry Michael Faraday
{(1797-1878) (1791-1867)

These two fellows discovered the basis for
the electrification of the entire world!




Electricity iIs Magnetic!

33 years later James Clerk Maxwell,

a Scottish theoretical physicist and mathematician
postulated that Electric and Magnetic fields
produce electromagnetic waves

that incl

ude radio, x-rays and light!
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\EVAVEES
Equations
(Simplified!)

(by Oliver Heaviside)

Electromagnetic waves transport
anergy through empty space, stored
in the propagating electric and
magnetic fields.

—

I” Electric

Magnetic field
variation is
perpendicular
to electric field.

A single-freguency eleclromagnetic
wave exhibits a sinusoidal variation
of electric and magnetic fields in
space,

Gauss’ Law

Gauss’ Law for magnetism
Faraday's Law

Ampere-Maxwell Law

Electric and
Magnetic Fields
Propagate thru

Space




Magnetic Field

Radiation ; o
Profile ' - Electric Field

E-M field
Measurerent

Charge
Oscillaton

Propagation
Velocity [c]

EM Wave Propagation 'Model’




Electricity iIs Magnetic!

And then in 1888 Heinrich Hertz
...based on the work of
Faraday, Henry and Maxwell...
constructed a Radio transmitter and receiver
and proved that electromagnetic waves exist!




Electricity iIs Magnetic!

Heinrich Hertz Transmitter and Receiver

ecieen

apark Gap transmitter




The BaS|c Dlpole

Impedance Follows

t vs. Volt
Current vs. Voltage Ohm's Lav: Z7=F /|

e.g.100W at 50 ohms, Z = [ 1.41A




Impedance of Half-Wave Dipole
Over “Ground”

Height of Center of Vertical Half-Wave in Wavelengths
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Demystifying Antenna Gain

Isotropic Antenna Dipole Antenna Dipole Antenna
iIn Free Space iIn Free Space Over Ave. Ground
Gain = 0 dBi Gain = 2.15 dBi Y2 WL High

Gain = 7.2 dBi




Height Matters!

For Horizontal Antennas
Total Field EZMEC+

* Primary
40M Dipole 65 FT EL

40M Dipole 35.F

7.21 dBi Max Gain




Height Matters!
For Horizontal Antennas

Total Field

* Primary

7.21 dBi Max Gain .15 MHz




How About Horizontal vs.
Vertical Antennas on 40M?

Total Field EZNEC+

* Primary
40M Dipole 65 Ft EL

7.21 dBi Max Gain 715 MHz




How About Horizontal vs.
Vertical Antennas on 80M?

Total Field

* Primary
a0M Dipole 65 FT EL

80M Vertical 5 —EET

6.53 dBi Max Gain 3.75 MHz




No Antenna is Perfect...

But, how about one that you can:

> Build in About One Hour
» Use on 40 and 15M without a Tuner

» Use on 30, 20, 17, 12 and 10M with a Modest
Tuner (with some coax loss)

» Work DX and Local Stations
» Fit in as little as 44 Feet of Space

» Build and Install for Less than $20 Including
Coax Feed Line!!




40-15M Dipole

66 feet 6 inches long
with 100 feet of 75 ohm coax
#14 Insulated Wire

40’ High

Club 40/15M Dipole




40-15M Dipole

Freq MHz

40 M Club Dipole




40-15M Dipole

Freq MHz

40 M Club Dipole




40-15M Inverted “V”

A4

>120 deg.

67 feet long
with 100 feet of 75 ohm coax

#14 Insulated Wire
40’ High at Apex

Club 40/15M Inverted V




40-15M Inverted “V”

Freq MHz

Club 40/15M Inverted V




40-15M Inverted “V”

Freq MHz

Club 40/15M Inverted V




40-15M Attic “Z”

ey 11! 4!1

14"

68 feet 8 inch total length
with 100 feet of 75 ohm coax
, 25 High
#14 Insulated Wire B

-
®

Club 40/15M Attic Z




40-15M Attic “Z”

Freq MHz

Club 40/15M Attic Z




40-15M Attic “Z”

L
= il

Freq MHz

Club 40/15M Attic Z




Materials

Wire — 70 feet for $10
Insulators — Home Brew for $1
Coax — 100 feet for $20

Coax Connector — 1 for $3




How About Loop Antennas?

How Well do they Work?

“I call them Miracle Workers!”




No Antenna is Perfect...

But, how about one that you can:

» Build in About Two Hours

» Use on 40, 20, 15 and 10M without a Tuner
» Use on 30, 17 and 12M with a Good Tuner
» Work DX and Local Stations

» Fit in 60 Feet of Space Between Supports
» Buy for Less than $70 Including Feed Line!!
> Add a 4:1 Balun for $50




Side-Fed Inverted Delta Loop

54 Ft.

#14 Insulated Wire

42.5 Ft.

300 ohm

window line 60’ High at Top
58, 87,116 ft.

Short
50 ohm
coax




Resonant on 40, 20, 15 and 10M
Plus 30, 17 and 12M with a Good Tuner

EZNEC+

S} Freq MHz 297

Freq 14 2 MH=z Source # 1
SVWR 1.21 Z0 50 ohms
ad 59 67 at -3.51 deg_
= 5956 - ] 3.649 ohms
Refl Coeff 0.09332 at -18.99 deg.
= 0.08824 - 0.03036
Ret Loss 20.6 dB




Takeoff Angles Good for
DX and Local Contacts

Total Field EZNEC+

5.58 dBi Max Gain 21.2 MHz




Materials

DX Engineering
160M Dipole Kit

Balun Designs
4:1 300 Watt Balun
$49.95




No Antenna is Perfect...

But, how about one that you can:

» Build in About Three Hours

» Use on 80, 40, 20, 17, 15, 12 and 10M with
an SWR under 3:1...most under 2:1

» Use on 30 with a Modest Tuner

» Excellent DX on 40M and above

» Low Transmission Line and Balun Losses
» Buy for Less than $80 Including Feed Line!!
> Add a 4:1 Balun for $50 (300 Watt or less)




Horizontal Loop Skywire
de Dave Fisher, WOHMS

68.5 Ft.

46.0 Ft.
300 ohm
window line

100 ft.




Under 3:1 SWR on All Bands
Except 60 and 30M

EZNEC+

Freq MHz




80M - High Takeoff Angle & Mod. Gain (4.2 dBi)
Circular Pattern

Total Field EZNEC+ Total Field " EZMEC+

2.7 MHz 2.7 MHz

Elevation Plot Cursor Elev  80.0 deq. Azimuth Plot Cursor Bear  90.0 deq.
Bearing 90.0 deq. Gain 4.15 dBi Elevation Angle 90.0 deqg. Gain 4.15 dBi
Outer Ring 415 dBi 0.0 dBmax Outer Ring 415 dBi 0.0 dBmax
0.0 dBmax3D 0.0 dBmax3D

30 Max Gain 4.15 dBi 30 Max Gain 4.15 dBi
Slice Max Gain  4.15 dBi @ Elev Angle = 90.0 deg. Slice Max Gain  4.15 dBi @ Bearing = 90.0 deg.
Beamwidth 972 deg.; -3dB @ 40.8, 135.0 deq. Front/Side 0.0dB
Sidelobe Gain < -100 dBi Beamwidth ?
Front/Sidelobe = 100 dB Sidelobe Gain < -100 dBi

Front/Sidelobe = 100 dB




40M — Med. Takeoff Angle & Good Gain (6.1 dBi)
Nearly Circular Patten

Total Field EZNEC+ Total Field EZMEC+

7.2 MHz 7.2 MHz

Elevation Plot Cursor Elev  35.0 deq. Azimuth Plot Cursor Bear 255.0 deg.

Bearing 2550 deg. Gain 6.06 dBi Elevation Angle 35.0 deqg. Gain 6.06 dBi

Outer Ring 6.06 dBi 0.0 dBmax Outer Ring 6.06 dBi 0.0 dBmax

0.0 dBmax3D 0.0 dBmax3D

30 Max Gain 6.06 dBi 30 Max Gain 5.06 dBi

Slice Max Gain  6.06 dBi @ Elev Angle = 35.0 deg. Slice Max Gain  6.06 dBi (@ Bearing = 255.0 deqg.

Beamwidth J6.8 deg.; -3dB @ 15.9, 52.7 deg. Front/Back 1.11 dB

Sidelobe Gain 5.1 dBi @ Elev Angle = 150.0 deqg. Beamwidth 1.7 deg.; -3dB @ 223.1, 294.8 deq.

Front/Sidelobe  0.96 dB Sidelobe Gain  5.67 dBi (@ Bearing = 345.0 deg.
Front/Sidelobe  0.39 dB




20M - Low Takeoff Angle & High Gain (9.99 dBi)
Moderately Sharp Lobes and Nulls

Total Field EZNEC+ Total Field EZMEC+

14.2 MHz 14.2 MHz

Elevation Plot Cursor Elev  165.0 deg. Azimuth Plot Cursor Bear 30.0 deg.

Bearing 30.0 deg. Gain 5.99 dBi Elevation Angle 15.0 deqg. Gain 9.09 dBi

Cuter Ring 9.99 dBi 0.0 dBmax Outer Ring 9.93 dBi -0.89 dBmax

0.0 dBmax3D -0.89 dBmax3D

3D Max Gain ~ 9.99 dBi 3D Max Gain ~ 9.99 dBi

Slice Max Gain  9.99 dBi @ Elev Angle = 165.0 deg. Slice Max Gain  9.99 dBi @ Bearing = 210.0 deg.

Beamwidth 16.0 deg.; -3dB @ 155.7, 171.7 deg. Front/Back 0.9 dB

Sidelobe Gain  9.09 dBi @ Elev Angle = 15.0 deg. Beamwidth 27.0 deg.; -3dB @ 195.9, 222.9 deg.

Front/Sidelobe 0.9 dB Sidelobe Gain  9.53 dBi @ Bearing = 120.0 deg.
Front/Sidelobe  0.46 dB




15M - Low Takeoff Angle & High Gain (13.7 dBi)
Sharp Lobes and Nulls

Total Field EZNEC+ Total Field EZMEC+

21.2 MHz 21.2 MHz

Elevation Plot Cursor Elev  10.0 deq. Azimuth Plot Cursor Bear 225.0 deg.

Bearing 225 0 deg. Gain 13.73 dBi Elevation Angle 10.0 deqg. Gain 13.73 dBi

Outer Ring 13.73 dBi 0.0 dBmax Outer Ring 13.73 dBi 0.0 dBmax

0.0 dBmax3D 0.0 dBmax3D

30 Max Gain 13.73 dBi 30 Max Gain 13.73 dBi

Slice Max Gain  13.73 dBi @ ElevAngle = 10.0 deg. Slice Max Gain  13.73 dBi @ Bearing = 225.0 deg.

Beamwidth 10.4 deg.; -3dB @ 5.3, 15.7 deq. Front/Back 243 dB

Sidelobe Gain  11.3 dBi @ Elev Angle = 170.0 deq. Beamwidth 20.8 deg.; -3dB @ 214 .3, 235.1 deg.

Front/Sidelobe 243 dB Sidelobe Gain 1299 dBi @ Bearing = 315.0 deg.
Front/Sidelobe  0.74 dB




Materials

DX Engineering 160M
Dipole Kit - $69.95

Plus 4 corner insulators
and 20 feet more wire.

Balun Designs
4:1 300 Watt Balun
$49.95




Has Anyone Tried a
“Coupled Resonator”
Antenna”

What are they Good for
How Well do they Work?




A “Fan” Dipole Offers Multiband Operation
But Can Be Tricky To Tune

* 80metros 36.5%mn « Aizladar de PV C

= 40metros 19.20m =
I k= 20meiros 9.53m +

Coaxial

aizlador central de nylon

1§

O
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40-15M Dipole

66 feet 6 inches long
with 100 feet of 75 ohm coax

Club 40/15M Dipole




Coupled Resonator Dipoles
for 40, 30 and 15 Meters

40-15M
30M

#14 Insulated Wire

3.5” Spacing
not to scale

N




Coupled Resonator Dipoles
for 40, 30 and 15 Meters

EZNEC+

Freq MHz




Coupled Resonator Dipoles
for 40, 30, 20 and 15 Meters

3.5” and 2.5” spacing
not to scale




Freq
SWR
z

Coupled Resonator Dipoles
for 40, 30, 20 and 15 Meters

EZNEC+

5

14.2 MHz

1.25

40.77 at -4.89 deg.
=40.62 - j 3.476 ohms

Refl Coeff 0.1103 at -157 47 deg.

Ret Loss

=-0.1019 - ] 0.04228
19.1dB

Freq MHz

25

Source # 1

Z0

50 ohms




Coupled Resonator Verticals
for 80 Meters — Easy Addition to 80M Vertical

Wire 1 ~ 67’
Wire 2 ~ 59’
Spacing = 3.5”

#14 Insulated Wire




Coupled Resonator Verticals
for 80 Meters — Covers The Entire Band!

EZNEC+

Freq MHz







Hints and Kinks Summary

Height Matters

« Affects impedance and wire length

« Affects gain and take-off angle
Gain Matters

« Every 3 dB of gain double your power
Loops Rule!

* Multiple bands with a single wire

* Increased gain on higher bands
Coupled Resonators

« Additional bands or greater bandwidth
Modeling

« Saves time, material and money $$$

« (Gets you on the air with a better antenna




Questions Please?




Thanks for Your Attention
and Participation!

The End




No Antenna is Perfect...

But, how about one that you can:

» Can be home-brewed or purchased

» Use on 20, 17, 15, 12 and 10M with an SWR
under 1.5:1 plus 6M option

» Excellent DX and U.S. Antenna
» Small footprint and very good gain
> Build for Less than $400; buy for < $500.




Broadband Hex Beam
de Steve Hunt, G3TXQ




Broadband Hex Beam
de Steve Hunt, G3TXQ

Hin SWR= 1.03& 14200 MHz
Resonant freq: 132778 , 14 2082 152950 , 16.5331 , 175432

Freq = 14.98837
Freq Step = 0.05000
fo = 353.000

SWR = 4849
Ifmag = 104 413
Theta = 60630
Refl Coef = 0.658
% refl power = 43.3

Equivalent Circuit:

Re = 5120

Xz = 90992

=118

Ls = 089662 uH
—

Rp = 212890
Xp = 119813
Lp= 12722 uH

FILES:
stdeal acal

FREG (1.00 MHz/div) aedcw.cig

HEX Beam at 43 Feet — Shack SWR

Nov 7,10 16:59:33 Hex at 43 Feet Full Scan Shack Ref




20M - Low Takeoff Angle & High Gain (10.2 dBi)
Broad Lobes and Good Side/Back Reject.

Total Field EZNEC+ Total Field = EZMEC+

14.2 MHz 14.2 MHz

Elevation Plot Cursor Elev  20.0 deq. Azimuth Plot Cursor Bear 0.0 deg.

Bearing 0.0 deg. Gain 10.16 dBi Elevation Angle 20.0 deg. Gain 10.185 dBi

Outer Ring 10.18 dBi 0.0 dBmax Outer Ring 10.18 dBi 0.0 dBmax

0.0 dBmax3D 0.0 dBmax3D

30 Max Gain 10.18 dBi 30 Max Gain 10.18 dBi

Slice Max Gain 1018 dBi @ ElevAngle = 20.0 deg. Slice Max Gain 1018 dBi @ Bearing = 0.0 deg.

Beamwidth 233 deg.;-3dB @ 10.2, 33.5 deg. Front/Back 14.86 dB

Sidelobe Gain  5.37 dBi @ Elev Angle = 80.0 deqg. Beamwidth 92.0 deg.; -3dB @ 314.0, 46.0 deq.

Front/Sidelobe  4.81 dB Sidelobe Gain  -4.37 dBi @ Bearing = 215.0 deq.
Front/Sidelobe  14.55 dB




15M - Dual Takeoff Angles & High Gain (10.2 dBi)
Broad Lobe and Good Side/Back Reject.

Total Field EZNEC+ Total Field = EZMEC+

21.2 MHz 21.2 MHz

Elevation Plot Cursor Elev  15.0 deq. Azimuth Plot Cursor Bear 0.0 deg.

Bearing 0.0 deg. Gain 10.15 dBi Elevation Angle 15.0 deqg. Gain 10.15 dBi

Outer Ring 10.15 dBi 0.0 dBmax Outer Ring 10.15 dBi 0.0 dBmax

0.0 dBmax3D 0.0 dBmax3D

30 Max Gain 10.15 dBi 30 Max Gain 10.15 dBi

Slice Max Gain  10.15 dBi @ Elev Angle = 15.0 deg. Slice Max Gain 1015 dBi @ Bearing = 0.0 deg.

Beamwidth 14.8 deg.; -3dB @ 5.0, 22.8 deq. Front/Back 16.25 dB

Sidelobe Gain 8.1 dBi @ Elev Angle = 50.0 deq. Beamwidth 94 0 deg.; -3dB @ 313.0, 47.0 deq.

Front/Sidelobe  2.05 dB Sidelobe Gain  -6.0 dBi (@ Bearing = 215.0 deqg.
Front/Sidelobe  16.15 dB




10M - Dual Takeoff Angles & High Gain (10.3 dBi)
Broad Lobe and Good Side/Back Reject.

Total Field EZNEC+ Total Field = EZMEC+

28.3 MHz 28.3 MHz

Elevation Plot Cursor Elev  10.0 deq. Azimuth Plot Cursor Bear 0.0 deg.

Bearing 0.0 deg. Gain 10.26 dBi Elevation Angle 10.0 deg. Gain 10.26 dBi

Outer Ring 10.26 dBi 0.0 dBmax Outer Ring 10.26 dBi 0.0 dBmax

0.0 dBmax3D 0.0 dBmax3D

30 Max Gain 10.26 dBi 30 Max Gain 10.26 dBi

Slice Max Gain 1026 dBi @ Elev Angle = 10.0 deg. Slice Max Gain 1026 dBi @ Bearing = 0.0 deg.

Beamwidth 11.2 deg.; -3dB @ 5.9, 17.1 deq. Front/Back 14.59 dB

Sidelobe Gain 8.8 dBi @ Elev Angle = 35.0 deq. Beamwidth 96.2 deg.; -3dB @ 311.9, 48.1 deg.

Front/Sidelobe 1.46 dB Sidelobe Gain  -4.33 dBi @ Bearing = 180.0 deq.
Front/Sidelobe 1453 dB




