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End Fed Workshop Topics

Popular End Fed Antenna Types

How to choose an End Fed Antenna
that fits your needs

Secrets of Non-Resonant End Fed
Antennas

Typical Configurations that work all
the time

Feed Line Chokes, Counterpoises
and Noise Filters

Q & A as time permits
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End Fed Antennas 101

Pros and Cons of diff t end fed antenna

Fo



Anatomy of an End Fed Antenna

FC

Antenna

Typical End Fed Antenna System

Suppresses common mode noise
conducted on coax braid, stops

braid RF from entering radio
Coax ( braid radiates)

z FC

Counterpoise Systemn
P /

4«—  (optional)
Z=Impedance Transformer  Counterpoise = {above ground radials) FC =Feed line Choke R =Radio System
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The antenna impedance matching components (BOX "Z" above) to match the antenna impedance to the coax line impedance (usually 50

ohms). For non-resonant end antennas, the typical feed point impedance is 300 to 600 ohms and a 9:1 impedance transformer (e.g. 450 ohm
average antenna impedance to 50 ohm coax, also know as a 9:1 unun).

With end fed antennas, the coax is meant to radiate as part of the antenna system (serving as the "ground" or counterpoise) and you need to use
a Feed line Choke (BOX "FC" above) to suppress the common mode current on the outside of the coax feed line so it does not enter the radio
while transmitting and also to reduce common mode noise while receiving. The Feed line (FC) acts as a stop sign for RF current flowing back on

the outside of the coax. The higher the choking resistance of the fed line choke, the less the coax braid RFI common mode current and the less
noise enters the radio.

The radio station is also a key component of the antenna system and has two functions: transmit and receive. Matching the transmitter to the
coax feed line is often done with an antenna tuner and receiver systems should be installed to maximize signal to noise ratio. Reducing

receiver noise is critical for weak signal reception and the use of coax noise filters AND receiver power supply lines (AC or DC) noise filters is
usually needed for optimum reception.




End Fed Antenna Types

* End Fed Zepp (aka J-Pole)
* End Fed Half Wave

* Non-Resonate End Fed



/ e e
End Fed Zepp
Pros o
e Low loss o
Cons

e L.adder line match

e Single band w/o
antenna tuner

e High and long

e Needs feed line
choke at coax feed
point

142 wave

50 n feed point

)

— 14 wave

— 50 f, coax



VHF



End Fed Half Wave (EFHW)

Pros

e Multi-band - even
harmonics only

e Hi Z feed = < ground
loss %

Cons

e Long - coil to shorten,
needs tuner for multi-
band use

e Complex matching unit
(64:1to 49:1)

e Needs feedline choke at
coax feed point

e Matching unit gets
“HOT” with power or
non-harmonic bands

Multiband 80-10m end fed half wave antenna

Length to coil (for 40-10m): 20.5m

110pH coil

Additional length for
80m: About 2-2.5m

- Matching Unit



Non-Resonant End Fed Antenna

* Pros
e Shorter length
e Easy to deploy I ——

Bullet 55 Typical Configuration

e Wide bandwidth S

Coax feed line length > 50 feet 37 Foot sloping wire

e Non critical length Wi

© Palomar Engineers® 2016

e Lots of configurations i o

wire

e Simple matching unit
* Cons
e Coax radiates

Bullet-9 Antenna Matching Unit
installed 18 inches off ground —

15 Foot Counterpoise

e Counterpoise may be
needed on some bands
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End Fed Antenna Choices Recap

End Fed Zepp uses ladder line for matching to coax

End Fed Half Wave is long and requires special high
impedance/voltage matching

Non-resonant end fed is shorter, uses simple matching
and works many bands in less space and will work in
many different configurations

Most Popular End Fed is the Non-Resonant

Question: How do I set up a non-resonant end fed?



/
Secrets of Non Resonant
End Fed Antennas

Bullet 55 Typical Configuration

Max antenna current near Bullet
matching unit.

Coax feed line length > 50 feet 37 Foot sloping wire
Feed Line Choke required

® Palomar Engineers® 2016

Palomar-Engineers.com 18 Foot

vertical
wire

Bullet-8 Antenna Matching Unit
installed 18 inches off ground

Feed Line Choke

Y

15 Foot Counterpoise S 45 Foot Counterpoise

Coax 50+ Fest




~Secrets to success with a Non-
Resonant End Fed Antenna

1

2
3
4

How to determine the wire length to use
e (antenna, coax and counterpoise lengths)

How to match the antenna to coax cable
 (matching unit values and placement)

Choosing a configuration that fits the location
e (vertical, sloper, inverted L, horizontal options)

Choosing a feed line choke or noise filter

How does these steps apply to your end fed?



How to determine the wire length

* Antenna Wire - longer for better low band operation
* Coax Cable - typically 50-75% of antenna length

* Counterpoises/radials — use non-resonant length,
raised, multiple and a “nail in the ground”

Suggested wire lengths for 1-31 MHz operation (measured from Bullet antenna wire terminal):

Minimum Coax
Bands Covered (meters) ire Length (feet) Length (feet)

40- 30 20-15 35-43, 49-63, 70-85

80-40-30-20-17-15-12-10 38-44, 55, 60, 68-73 50

55, 68-73, 85, 92, 102,
120-125

80-60-40-30-20-17-15-12-10

160-80-40-30-20-17-15-12-10 135, 141, 173, 203 130



| End Fed SWR Factors

Configuration shape (Inverted L, flat top, sloper, etc.)
Length of coax feed line — use recommended values
Feed line choke placement - at radio end

Top feed or bottom feed - feed sloper at top end

Soil Conductivity - install over/near water

Length and number of counterpoise(s) - use several with
variable lengths, experiment with lengths for bands of
interest

Some
SWR
plots vs
length -
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Bullet-92 SWR & Z (after 9:1)

Min SWR= 1.01@ 8.850 MHz AVG= 4
SWR  Resonant freq: 1.578283 , 2320301, 3.048829, 3.962833 , 4.693888 , 5.661734 , 6307431, 7.317303 , 7.835444 , 8856712, 9.406925 , 10.458901 , 11.032936 , 12102056 , 12.548587 . 13.654414 Zmag
3.25 7 ; ; i CP @ o 100 | 100
s ] ——
3.00 4 f : 1 Freq = 1.500
: Freq Step = 0.050
2754 | 1 Zref= 50.000
; SWR = 2864
250 d Zmag = 132.660
: Phase = 19.451
295 i | Rho Mag=0.4825
- ; 511= 0.4630 + j0.1355
. % refl power =233
L[] 1 i -
2 .1__> 200 ! i | o/ 50DC Voltage = 1000.00
175 [ ]
1.50 - ! 1
| 140.690
1254 : i 398.377
; 42.2691 uH
1.00 :
; 0.007108
0.002510
} } } } 0
15 75 135 195 255 315
FREQ (2.0 MHz/div) ]
50— 50
o o o P o ! ™ - v o
—100-- -100
Jun 14, 2017 141307 bullet antenna as installed at 1452 monserate backyard 04122017 akér FILES: (prog 910A)
zmag 090616.acal al 16.a¢

20’ vertical, 72’ horizontal, two 15’ counterpoises, 24" to nail in ground,
1-31 MHz



~Matching the antenna

cable
* UNUNs are your friend

e Antenna feed point
impedance: 300-900()
e g:1 transformer gives
33 to 100() to coax
* Connections for coax,

antenna feed point
and counterpoise

* Power Ratings — PEP to
match your station

0 coax

88 Halyard RS o7 SO Rl e
. Hoist 3 A= oy
: ST Antenna
) N 5 Output
=

—
—

Palomar Engineers 1
Bullet Matcher (9:1 UN
1.8-61 MHz, 500 Watls}

Wire Length (ft): 39, 44, 55, 71, 85, 102,15}

SRR W A )

.
Ground—

counterpoise Coax Input




* 1.5KW Model

e SimilarI/O
connections

e PEP rating up to
5 KW

Palomar j\lf
% Engineers™

9:1 CUBE™ Unun
002 input to 450Q unbalanced ||
WMHz, 1500 Watts PEP (8

| Ground—
| | counterpoise

Coax Input




Antenna Configuration Options

® Vertical

* Sloper Up, Sloper
Down

e Inverted L, U

e Horizontal




Typ

ical End Fed Antenna Setup

Bullet 55 Typical Configuration

Max antenna current near Bullet
matching unit.

Coax feed line length > 50 feet
Feed Line Choke required

© Palomar Engineers® 2016

Palomar-Engineers.com

Bullet-9 Antenna Matching Unit
installed 18 inches off ground

15 Foot Counterpoise

-— Fiberglass telescoping pole and insulator

37 Foot sloping wire

Support Pole

-
18 Foot ortree>10 —»

vertical feet.high

wire

15 Foot Counterpoise Fepd Line: Choke

A o RADIO

Coax 50+ Feet

DIY



Coax Feed Line Chokes

and Noise Filters

L.ower nois




Typical Coax Fed Antenna System

Antenna > = > : - :
Coax outside braid radiation and noise reception
Coax
Feed Line Transmit Feed Line Radiation {RFI)

Choke
Stop Transceiver
» RX RFI
/ X Coax MNoise Filter
Noise (>3K Q)

A l,Jlr.,‘,,J”I I I M M I N Ty Sources (RFI) -.-‘.ra“.‘+,.v'.rJ|'f.';i|"u'|',i1||-1*|",") n‘l,‘]'-‘,l'“-.*f.".f"w‘-- Palomar-Engineers®.com, 2017

How the end fed antenna is different



Anatomy of an End Fed Antenna

FC

Antenna

Typical End Fed Antenna System

Suppresses common mode noise
conducted on coax braid, stops

braid RF from entering radio
Coax ( braid radiates)

z FC

Counterpoise Systemn
P /

4«—  (optional)
Z=Impedance Transformer  Counterpoise = {above ground radials) FC =Feed line Choke R =Radio System

© palomar Engineers®, Inc., 2016

The antenna impedance matching components (BOX "Z" above) to match the antenna impedance to the coax line impedance (usually 50

ohms). For non-resonant end antennas, the typical feed point impedance is 300 to 600 ohms and a 9:1 impedance transformer (e.g. 450 ohm
average antenna impedance to 50 ohm coax, also know as a 9:1 unun).

With end fed antennas, the coax is meant to radiate as part of the antenna system (serving as the "ground" or counterpoise) and you need to use
a Feed line Choke (BOX "FC" above) to suppress the common mode current on the outside of the coax feed line so it does not enter the radio
while transmitting and also to reduce common mode noise while receiving. The Feed line (FC) acts as a stop sign for RF current flowing back on

the outside of the coax. The higher the choking resistance of the fed line choke, the less the coax braid RFI common mode current and the less
noise enters the radio.

The radio station is also a key component of the antenna system and has two functions: transmit and receive. Matching the transmitter to the
coax feed line is often done with an antenna tuner and receiver systems should be installed to maximize signal to noise ratio. Reducing

receiver noise is critical for weak signal reception and the use of coax noise filters AND receiver power supply lines (AC or DC) noise filters is
usually needed for optimum reception.




Min SR = 44.43 @ 265.000 Mitz

SWR__ Resonant freq 1106220

Criteria to Consider

Effective Frequency Range
Adequate Choking
Impedance > 500(2
Sufficient Power Rating
Physical Size/weight
Balun or unun output

Custom Cal: 0.100 ta 180 300 MHz ave= &
Zmag

32t
300
275
250

225

200 Jswn-2o0- —

175

150

125

1.00

o0 | 100

Tuned Coaxial Choke [TCC-12-3000), 3KW Frea = 2.138
Freq Step = 0,500
Zret - 50.000
SWR - 142,882

Optimized for 7-21 MHz {40-10 meters)

Sep 3, 2015 123358

130 190 250 M0
9.7
FREQ (2.0 Mitzsaiv) Lp= 163829 uM




se choking imped:

at frequency of use

Min SWR=113.86 @ 3.466 MHz

Custom Cal: 0.100 to 180.300 MHz

AVG= 4

SWR Resonant freq: 3.14603 Imag
: = - T 6000] 100
3.00 : Super Choker™ 16040 Feed Line Choke: EEE—
Effective range: 1-10 MHz Freq=0.100
2754 Choking Impedance:  1K-6K Q
Power Capability: SKW PEP Freq Step = 0.1980
250+
Iref= 50,000
2254 SWR = 128516
Imag= 14.TH
18 3008150 phase = 88,874
175 Rho Mag=0.9846
s11= 06014 +j0.7735
150+ % refl power = 96.9
DC Voltage = 1000.00
1254
1.004

Equivalent Circuit
Rs= 1999

010 210 Rl 610
; FREQ (1.00 MHzidiv)

i Inc, 2015
Palomar mrﬁ com
- ol -

Nov 27, 2015 12:35:51 Super Choker 16040 4343434343 6T SWR 1-10 NHz

&wﬂnklr“' 1uun Feed Line Choke
Effective range: MHz

[2+| Choking I.nmd-m
Power Capability:

Super Choker
1-10 MHz >2K
5KW PEP
1K-6K Z

3 pounds
Verticals
AM/RTTY
Contesting

810 1010

Rp=5175.672
01140

-3008- -

-600eL- 100
FILES: (prog 910A)

©Palomar Engineers, Inc, 2016
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61.9248 uH

PES g

in SR - 32.04 meg
Revonmnt frog 1147812 11287780 (R =)
B TR 2 G0

7 T

s o
150 o

v25 o

Ao,
i ™ Y S|

TUBE Feed Line Choke TU-1/TB-1
1-61 MHz, 1.5KW PEP, 50 ohm In/out
Cheking Impedance 500-4800 ohms

Aug 18, 2016 114547

Line isolator
1-160 MHz >2K
1.5KW PEP
1K-6K Z

1 pound

All coax lines
Optional
ground, static

bleeder

FREQ (5.0 Mrtz/si)

© 2016 Palomar Engineers®, Inc.
Palomar-Engineers.com

100
Freg=1
Frea Step = 0.400
et = 50.000
svm = 32008
Zmeg = 717721
Phase = 63272

9395

319-0.9322 + j0.1165.

% ref power = 8.3
0C Vokage = 1000.00

Equivalent Circus:
Ra= 522803




1 MHz

Min SWR = 16.80 @ 59800
Resonont freq: 10.70603

BA-8SE (15 beads)

25 .

60 MHz

AVG= 4

Imag
R3Xs Phase
2000 | 100

BA-8 (5 beads)

1.00 47

3.00 -
275 -

| BA-8E (10 beads)

225 =

200 000130
1.75 - N
150 -

125 o

FREQ (5.0 MHz)

610

Feb 8, 15 |E|ﬂ:ﬂl- . . . . msum‘u-ﬂ Mhz
Scan | Rescen | Recycle | rontoeta | Limits | Sceles | Smith |

Freq « 34.198
Freq Step = 0.100
Iret = 50.000

Equivalent Circuit
Rs = 789.746
Xs = -387 280

a-0s

Ca= 12017 pF
Rp = 979,662

Xp = -1997.740
Cp= 2.330 pF
Op = 0.001021

Bp = -0.000501

FILES: (prog 2024)
babun 2 fixvere 1-80 mhz ceal o

_AM_santig <1y

100

Medium choking Z (500-2000€2) - sKW PEP for RG213,
only 5 beads needed over 30 MHz



Coax Feed Line Noise Filters

>>> One of the best kept secrets in ham radio!!! <<<

M SWR = 7384 @ 35200 Mz
I Resonsst frog. 12 11385

Tmag ANGe B
itn
Tre Yo ! T . % r o
aee - - i -
i CMNF-1 Common Mode Coax Noise Filter oo
’ 75 o : ) Freq Step = 0,200
1 ; Reduces common mode noise on coax braid. 2= S
¢ i 11 : 1-61 MHz, 500 Watts PEP, 1K-6K choking resistance - 2087
Palomar . : : : =
3 @ | # I
Engineers sl ;
% | & j
Common Mode Noise Filter CMNF-1 b |1 :
500 Watts PEP, 1.8-60 MHz il i 5
1K-5KQ Choking Impedance "
Place in coax line at transceiver input to 126 ;
reduce common mode noise § .
100 4 H
www.Palomar-Engineers.com ; ;
_lﬁ. i 3 e pr. : ne’ i 3 g e :i;ul e
| i . } e ¢ 5 £ FREQ (5.0 Mizidw) r—— e ez~ sty :
| RSO e i
i ; N
| : "
i i i e T
1 I : 50004 8
! ’. “ = = P = = = AD00G— 128
R © 2015 Palomar Engineers®, Inc. ma
Palomar —Engineers.com Tl

Placed at RADIO END of coax feed line to suppress common mode
current on coax braid between antenna feed point choke and radio

Choke Attenuation



Choking Impedance vs Attenuation

* Palomar Engineers specify RFI/EMI chokes in terms of impedance
(in/out), but often the customer needs to know the attenuation to
choose which product best suits the application. (1 “S” unit = 6db)

Choke Impedance (Z_ )

200
500

1500
3000

5000

10000

95
-15.6
-20.8
-24.0
-20.8
-34.2
-40.0

Attenuation (dB)

Simple DIY Choke



* Ring Ferrite + ¥4” Coax Cable = feed line choke - 2-5K ohms

* Use at radio end of coax to stop transmitted signal from entering radio
station. Remember the coax radiates in the non-resonant end fed
antenna

» Use RG-8X/58 for low power, RG142/303/400 for high power > 1IKW PEP

BULLET Antenna Options



Palomar Engine,
Bullet-9 (9:1 Uyy.
1.8-61 MHz, 504y

e Lo 138, 44,

i MADE IN

Palomar Engineers®.com
CMNF-500HF Coax Noise Filter 5KIW PER
1.8-60 MHz, TK-6K(1 Chaking Z,
Piace in coax fine al recaiver o reduce
COMmon made noise on coax braid

Palomar Engineers

Bullet” Antenna System
includes
71 Ft End Fed Antenna (80-6M) +
50 Feet RG-8X Coax feed line +

500 Watt Coax Noise Filter



Palomar Engineg,,,
Bullet-9 (9:1 ypy, -
1.8-61 MHz, 509,

Palomar Engineers®.com
CMNF-500HF Coax Noise Filter .SKW PEP
1.8-60 MHz, 1K-6KQ Choking Z,
Place in coax line at receiver to reduce
common mode noise on coax braid

g
0

Palomar Enginegr,
Bullet-9 (9:1 Unyy,
1.8-61 MHz, 500 yyy,

Wire Length (ft): 39, 44,55, 7185 1 5 o

1 (AR
MREERS
i S TR,

N

End Fed Antenna Feed Line Choke
: Effective : 1-60 MHz ¥
Choking Impedance:  1K-5K Q 5
Y Power Capability: Cable Limit ¥
Part# EFFLC-240 ¥

T

o
A

ST

3

©Palomar Engineers, Inc, 2015
Palomar Engineers.com
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What about RFI Issues?




.
Solving End Fed Antenna

RFI Problems

Unbalanced antenn:z nd to call home




" Typical RFI Issues

Keep antenna away from house wiring including AC
power, Cable/Satellite feeds, telephone lines as these
wires can act as antennas and overload attached
electronics OR transmit spurious signals (and noise)
to your antenna.

Use Palomar RFI kits to solve RFI interference or noise
issues in your own home or neighbor’s. See website for
more details.



| Transceiver/Amp RFI Kits

Palomar RFI kits for all brands of transceivers and amplifiers

Transceiver RFI Kit Linear Amplifier RFI Kit

Clean up your transmitter RFI first



Neighborhood RFI Solutions

MY HOME or NEIGHBOR’S HOME

e

(4 | b |
2
L e
! Al !
I ¥ »
\ "\"".l‘gf
Y

LARM SYSTEM RFI HOME THEAER RFI COMPUTER RFI

s / ? , 2 ' ' A
MISCELLANEOUS RFI GARAGE DOOR TELEPHONE/DSL RFI

Recommendation: Use RFI kits for specific problems, have neighbor purchase
and install - do not make mods to neighbors equipment! MOST problems are
RFI picked up by AC power/phone lines so ferrite filters work well.



RFI Solutions Experts

Palomar Engineers

Website: www.Palomar-Engineers.com
Email: Sales@Palomar-Engineers.com

Phone: 760-747-3343
Bob Brehm, AK6R - Chief Engineer

This presentation available on the website.
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