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Feedlines for Amateur Radio
Martin Buehring (KB4MG) and Tim Wall (KJ4RDF)



Disclaimer

A Feedlines are aomplextopic in many ways. Entire books are devoted to t
topic. (ieJoel HallasW1z&) G ¢ KS OF NB FyR FSSRAy3I 27F |

A This presentation is not intended to cover all possible topics dealing wit
Feedlines.

A To fully understand it requires advanced mathematics beyond the scope
the presentation and most people.

A Understanding of the basicsusry beneficiato all amateurs and worth
knowing.
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Feedlines, What will you learn

What is considered to be the feedline?

What are the possible choices for feedlines and how do they differ?
What precautions do | need to take with feedlines?

What the tradeoffs between different types?

What are sources of the losses in a typical feedline system?

What is the basic construction of coaxial cable and why is it 50 Ohms?

Why is an impedance match important?

What is SWR and how is it used as an indicator of the feedline health?
What are some best practices for Feedlines?
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Anythingbetween your actual antenna and
your radio is part of the feedline system and
contributes to the gains or losses.

Coax or windowine(ladderline)
Hardline is just rigid coax

l vISYYl didzySNE ONBIffe |
box)
Baluns

Antenna switches
Lighting arrestors
SWR/Power meters
Feedthru (for wall or window ingress)
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Types of Feedlines
Open Wire Line

DXE-LL450 15/16"
16AWG
1 Stranded
— Copper
450 ohms 3000 W VF =91%

300 ohms 2500 W | VF=88% 18AWG

Window Line

e
DXE-LL300 L7ier PP
50 and 75 Ohms
Coaxial cable e, | ——
50 Ohms or custom impedance ~ Above 2 GHz

Hardline
Sometimes calletieliax
Air or foam insulated
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Electric Field (]

Coax as a feedline solution #@

Magnetic Fiel

PROS CONS

/Most flexible solution, as the routing of the cable is néfThere can be significant losses depending on length,
important to the integrity of the signal. frequency, and composition of the cable.

ACan be buried (as long as rated for it) and can be in AFor maximum power transfer, the impedance of the
close contact with metal objects like towers, roofs,  source, load, and cable must matctyp(50m )

windows,etc, without compromising the signal.
Alt uses the TEM (transverse electromagnetic mode)

/AEaS”y switched (Or patChed) for ﬂ@lelllty with mU|t|p|e A which is what leads to the lossds. The coax is a

antennas, meters, and radios. waveguideand high SWR can lead to heating.
ALess sensitive to EMI or RFI A2¢ f2aa I Y2NB bpPbbQa OwDy I
AReadily available in various sizes and lengths. AConnectors tend to be the weakest point of the system

ATight bends can comprise the cable structure

— Reference: https://www.youtube.com/watch?v=HD50DAdI1Ow
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Coax Loss By Type

Table 20.1

Length in Feet for 1 dB of Matched Loss

MHz 1.8 36 71 142 212 284 50.1 144 440 1296
RG-58 179 122 83 59 50 42 30 18 9 5
RG-8X 257 181 128 90 74 63 47 27 14 8
RG-213 397 279 197 137 111 95 69 38 19 9
LMR-400 613 436 310 219 179 154 115 67 38 21
9913 625 435 320 220 190 155 110 62 37 20
EC4-50 290 202 87 26
EC5-50 787 548 239 75

450 Q OWL* 1065 758 547 391 322 279 213
600 Q OWL** 4550 3030 2130 1430 1150 980 715

*Wireman #551, 400 Q characteristic impedance HF VHF/UHF
**Conductors #12 AWG

i““ﬁﬁfd‘é“o‘c‘&% Source: ARRL Handbook, Table 208" Edition (2021)




Window line as a feedline solution

PROS CONS
ALow cost ASNE aASYaArAdAgdS G2 Al
Aery Low loss /ARequires a balun to convert balanced

ALight weight (compared to coax) to unbalanced if you use any coax.

AHandles high SWR

ACan feed a nomesonant multiband
antenna better than coax

ANould need a balun in the Tuner if
directly connected (6:1 or 9:1)

ADangerous to people and pets if
touched when transmitting

Referencehttps://kvsr.com/hamradio/ladderline/
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https://kv5r.com/ham-radio/ladder-line/

Sources of Losses

There must be as good of an impedance match as possible for
An efficient antenna system.

pnQ WDYE1 a8

Arrestor

Radio Tuner SWR/Power Switch Lightning Antennas
witc +Protection
Up to 0.3dB Up to 0.1dB Up to 0.1dB Up to 0.1dB Up to 0.9dB (cable losses)
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Feedline losses
C e attenuation of the cable

A ATIKSNI 0KS FNBIljdzSyOoe (KS Y
series resistance and reactancRdi& Ldx)
Only a thin layer of the wire carries the signal

Rdx Ldx

AThe dielectricégfoam insulator) defines the
conductance of the inner conductoG@x& Cdx

e
N
9
[

<

signal leakage measured as loss.

2
L

Zy } ADeformity, holes, or gaps in the outer shield allow
ZL

= AThe TOTAL attenuation is a result of resistive losses,
loss resulting from the dielectric material, and losses
do to the integrity of the cable itself.
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Efficient Antenna Systems

AAs long as the length of the antenna is at least a-Waifelength at its lowest intended frequency,
its efficiency is well over 90%, just like a resonant dipalay (random long wires woyk

ATheproblemis getting power to it ie the feedlines

Coaxis very lossy (due to dielectric heating)lessterminated into its characteristic impedance, and this
effect is what leads many hams to erroneously believe thatmsionant antennas are inefficieribut the )
LINPOET SY -NByXWI W@ A0Qa KAIK {2w 2y O2FE NBadzZ G

Window-line does notsuffer from high losses at high SWR.

It may be effectively used to feed an antenna that may, at various HF frequencies, present tfiadeed

with any SWR from 1:1 to ~12:1.

With windoww AYS e 2 dz I?QVQG, K QS 12 62NNE |62dzi NBaz2yl
useatuneru 2 YIF 1S UKS YIUOK U2 panmo

Knowing about feedlines will help you determine and decide the best solutions for you
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Look at some examples of Feedlines

Passing about the room various examples of feedlines used by amateurs
These are courtesy of Stan Ham (WB9GFA). Thanks Stan!




Why Is coaxial cable 50 Ohms?
Why do we even have such a cable?
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Why do even have coaxial cable’?

AEarly days of telephony posed problems with

crosstalk.
AWires run_for lengths near each other will induce voltages _ - . Y
FYR OdZNNByGas gKAOK Aa FT2NBGA s

AProblem was studied by engineers who considered
GKFdO I daKASt RSRE OlFof S
was not understood why.

AENglish physicist and mathematician Oliver
Heaviside(1880) proved mathematically that a wire
Inside another wire would eliminate crosstalk. -
Some thought he was crazy for this idea. Oliver Heaviside ~ 1900

A Heaviside also invented differential calculus as well as theorized the conducting ionosphere.
wmemrn A |t was originally called the Kenneleaviside Layer in 1902



Why 50 Ohms ?
Best Impedance based on application?

ALloydEspenscheidnd Herman Eiffel, working for Bell Labs e
in 1929. They were going to send RF signals (4 MHz) for 4 /
hundred of miles carrying a thousand telephone calls.

0

i ' . i e e s . )
)

750

AEvaluated coaxial wires for optimization of three things:
A Power handling capability => 30 Ohms
AHigh voltages => 60 Ohms
A Lowest lossi¢ attenuation) => 75 Ohms

AFrom the data, they landed on 60 ohms but finallp@t |
ohmsbecause 50 is closer to 60 than to 30 and still offg
reasonable capability for power. '

b20S GKFEOG tTp 2KY Aa O2YYzZ)N
losses/ft.

ff
§

2 NJ A

=g

(e
Impedance In Ohms

M R Coax Impedance and Loss
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Construction and costs

AConstruction of a wire inside a wire is where we
get the modern coaxial cable.

plastic jacket

dielectric insulator

AWidespread use and application keeps the price
affordable for amateurs.

A Cto?fx is average of $1/ ft to about $4/it for the good
stuff.

A Heliaxcan range from $3 to $10 per foot

metallic shield

centre core

AOriginal coax was rigid and often a copper pipe
inside anther pipe. we still do this witHeliax but
it is a little flexible

AThe 50 Ohms comes from compromise of power
handling versus losses.

A However, special cases, like commercial stations
may use closer to the 30 ohms for high power.

A Most amateur uses are 50 Ohms
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Coaxial Cable Calculator

This coaxial cable calculator determines the distributed capacitance and inductance of a coaxial cable,
its impadance and cutoff frequancy for a given cable geometry, and relative permittivity or velocity D

facton Mote that these calculations are theoretical and engineers and technicians will probably never di@

hawve the nead to calculate these parameters of a coaxial cable since they always use components with

coaxial cable RG-58 with the following characteristics: inner conductor diameter 0.9 mm (0,035 in),

well-known specifications. The calculator is designed mostly for hobbyists, university students, and
researchers, For practical applications, please visit manufacturers’ websites and consult their data. L
O aX I I l p e a I l ‘ e Example: Calculate the distributad capacitance and inductance, impedance and a cutoff frequency of 2

outer conductor diameter 3.15 mm (0.124 in), type of insulation is polyethylene with the relative permittivity of 2.3.
Input

Diameter of the Inner Conductor of the Coax Cable

AThe impedance of coaxial cable is largely i A L
determined by the ratio of the diameter of the / » 165 inch Gn)
|nner COﬂdUCtOf tO the OUteI' COndUCtOr Relative Permittivity of the Dielectric {Dielectric Constant)

£ | 1.4]

OR  Velocity of Propagation (%) or Velocity Factor

AYou can find a calculator online that uses the  w- 8452 %
formUIa and takes |nto account the dlelectrlc OR  Wavelength Shartsning Factor

k= 118
m ate ri a,I . OR  Type of Dielectric Matarial
| Cellular Polytetrafiuoroethylene (PTFE) v

ANote also that there both a distributed

capacitance and inductance per foot of cable.

AMost commercial cables are 50 or 75 ohmes. - pmrmmo

Distribukted Inductance of the Coax Cable

L' 59.82259 nH/ft

Coax Impedance

Iy 49.81181 ©
Reference . . Cutoff Frequency of the Coax Cable
https://www.translatorscafe.com/uniconverter/uzLatnUZ/calculator/coaxiatable/ 1. 20.81422 ez
CHEROKEE AMATEUR
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Enter the inner conductor diameter, outer conductor diameter, type of insulation, or relative permittivity, or velocity of propagation (%),
select the wnits, and click or tap the Calculate button.




Is 50 Ohms okay for Ham Radio?

Alt works fine for most cases. <
A Ideal radiation angle for the dipole is-at
A That may be too high for bands > 20m For:
< : MY v
Af your antenna impedance = 70 Ohms HnY 0
ASWR =70/50 = 1.4: 1a good value nny c
A Even if it went to 100 Ohms that is SWR= 2:1 yny N

A'Ofte_n metal objects near your antenna will-tlane
the impedance and it may be closer to 50

/50 Ohms is also the best compromise for equipment
that must transmit and receive.

A75 Ohms is great for receialy antennas.
A See info on a Beverage Antenna, usually 75 Ohms

wocee MO ON Antennas NEXT MEETING

Source: ARRL Antenna Book, Figure 2 A% Edition
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