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Disclaimer

ÅFeedlines are a complextopic in many ways. Entire books are devoted to the 
topic. (ie Joel Hallas W1ZR(skύ ά¢ƘŜ ŎŀǊŜ ŀƴŘ ŦŜŜŘƛƴƎ ƻŦ ǘǊŀƴǎƳƛǎǎƛƻƴ ƭƛƴŜǎέΣ !ww[ tǊŜǎǎΣ нлмнύ

ÅThis presentation is not intended to cover all possible topics dealing with 
Feedlines.

ÅTo fully understand it requires advanced mathematics beyond the scope of 
the presentation and most people. 

ÅUnderstanding of the basics is very beneficial to all amateurs and worth 
knowing.



Feedlines ςWhat 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 I 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? 



²ƘŀǘΩǎ ŀ ŦŜŜŘƭƛƴŜΚ
Anythingbetween your actual antenna and 
your radio is part of the feedline system and 
contributes to the gains or losses.

Coax or window-line(ladder-line)
Hardline is just rigid coax

!ƴǘŜƴƴŀ άǘǳƴŜǊέ όǊŜŀƭƭȅ ŀƴ ƛƳǇŜŘŀƴŎŜ ƳŀǘŎƘ 
box)

Baluns

Antenna switches

Lighting arrestors

SWR/Power meters

Feed-thru (for wall or window ingress)



Types of Feedlines
Open Wire Line

Window Line

Coaxial cable

Hardline
Sometimes called Heliax

Air or foam insulated

~ 450 Ohms

50 and 75 Ohms

50 Ohms or custom impedance Above 2 GHz



Coax as a feedline solution

PROS

ÁMost flexible solution, as the routing of the cable is not 
important to the integrity of the signal.

ÁCan be buried (as long as rated for it) and can be in 
close contact with metal objects like towers, roofs, 
windows, etc , without compromising the signal. 

ÁEasily switched (or patched) for flexibility with multiple 
antennas, meters, and radios.  

ÁLess sensitive to EMI or RFI

ÁReadily available in various sizes and lengths. 

CONS

ÁThere can be significant losses depending on length, 
frequency, and composition of the cable. 

ÁFor maximum power transfer, the impedance of the 
source, load, and cable must match. (typ 50ʍ)

ÁIt uses the TEM (transverse electromagnetic mode) 
Áwhich is what leads to the losses. Ie. The coax is a 

waveguideand high SWR can lead to heating. 

Á[ƻǿ ƭƻǎǎ Ґ ƳƻǊŜ ϷϷϷΩǎ  όwDуȄ Ǿǎ [awпллύ

ÁConnectors tend to be the weakest point of the system

ÁTight bends can comprise the cable structure

Electric Field

Magnetic Field

Reference: https://www.youtube.com/watch?v=HD5ODAdl1Ow



Coax Loss By Type 

HF VHF/UHF

Source: ARRL Handbook, Table 20.1 ς98th Edition (2021)



Window line as a feedline solution

PROS

ÁLow cost

ÁVery Low loss

ÁLight weight (compared to coax)

ÁHandles high SWR

ÁCan feed a non-resonant multi-band 
antenna better than coax

CONS

Á±ŜǊȅ ǎŜƴǎƛǘƛǾŜ ǘƻ ƛǘΩǎ ǇŀǘƘ ǘƻ ǘǊŀƴǎƳƛǘǘŜǊ

ÁRequires a balun to convert balanced 
to unbalanced if you use any coax.

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

ÁDangerous to people and pets if 
touched when transmitting

Reference: https://kv5r.com/ham-radio/ladder-line/

https://kv5r.com/ham-radio/ladder-line/


Sources of Losses

Arrestor

Radio Tuner SWR/Power
Switch

Lightning
Protection

Antennas

рлΩ wDуȄ

мллΩ wDу¦

Up to 0.3dB

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

Up to 0.1dBUp to 0.1dB Up to 0.1dB Up to 0.9dB (cable losses)

Up to 1.4dB

1.5dB Total Loss



Feedline losses 
ςieattenuation of the cable

ÁIƛƎƘŜǊ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ǘƘŜ ƳƻǊŜ ǘƘŜ άǎƪƛƴ ŜŦŦŜŎǘέ ŀƴŘ 
series resistance and reactance. (Rdx& Ldx)

Only a thin layer of the wire carries the signal

ÁThe dielectric (egfoam insulator) defines the 
conductance of the inner conductor. (Gdx& Cdx)

ÁDeformity, holes, or gaps in the outer shield allow 
signal leakage measured as loss.

ÁThe TOTAL attenuation is a result of resistive losses, 
loss resulting from the dielectric material, and losses 
do to the integrity of the cable itself. 



Efficient Antenna Systems
ÁAs long as the length of the antenna is at least a half-wavelength at its lowest intended frequency, 
its efficiency is well over 90%, just like a resonant dipole. (why random long wires work)

ÁThe problem is getting power to itτ ie the feedlines
Coaxis very lossy (due to dielectric heating) unlessterminated into its characteristic impedance, and this 
effect is what leads many hams to erroneously believe that non-resonant antennas are inefficient. But the 
ǇǊƻōƭŜƳ ƛǎƴΩǘ ƴƻƴ-ǊŜǎƻƴŀƴŎŜΣ ƛǘΩǎ ƘƛƎƘ {²w ƻƴ ŎƻŀȄ ǊŜǎǳƭǘƛƴƎ ƛƴ wC ƘŜŀǘƛƴƎΦ

Window-line does not suffer from high losses at high SWR. 
It may be effectively used to feed an antenna that may, at various HF frequencies, present the feed-line 
with any SWR from 1:1 to ~12:1. 

With window-ƭƛƴŜ ȅƻǳ ŘƻƴΩǘ ƘŀǾŜ ǘƻ ǿƻǊǊȅ ŀōƻǳǘ ǊŜǎƻƴŀƴŎŜ ŀƴŘ {²wΣ ǳƴǘƛƭ ȅƻǳ ƎŜǘ ǘƻ ǘƘŜ ǊŀŘƛƻΣ ǿƘŜǊŜ ȅƻǳ 
use a tunerǘƻ ƳŀƪŜ ǘƘŜ ƳŀǘŎƘ ǘƻ рлʍΦ

Knowing about feedlines will help you determine and decide the best solutions for you



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? 



Why do even have coaxial cable?
ÁEarly days of telephony posed problems with 
cross-talk.
ÁWires run for lengths near each other will induce voltages 
ŀƴŘ ŎǳǊǊŜƴǘǎΣ ǿƘƛŎƘ ƛǎ ŦƻǊŜǘƻƭŘ ōȅ !ƳǇŜǊŜΩǎ [ŀǿǎΦ 

ÁProblem was studied by engineers who considered 
ǘƘŀǘ ŀ άǎƘƛŜƭŘŜŘέ ŎŀōƭŜ Ƴŀȅ ǿƻǊƪΣ ŀƴŘ ƛǘ ŘƛŘΣ ōǳǘ 
was not understood why.

ÁEnglish 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.

Å Heaviside also invented differential calculus as well as theorized the conducting ionosphere. 
Å It was originally called the Kennelly-Heaviside Layer in 1902

Oliver Heaviside ~ 1900



Why 50 Ohms ?
Best Impedance based on application?
ÁLloyd Espenscheidand Herman Eiffel, working for Bell Labs 
in 1929. They were going to send RF signals (4 MHz) for 
hundred of miles carrying a thousand telephone calls.

ÁEvaluated coaxial wires for optimization of three things:
ÁPower handling capability =>  30 Ohms

ÁHigh voltages  => 60 Ohms

ÁLowest loss (ie attenuation)  => 75 Ohms

ÁFrom the data, they landed on 60 ohms but finally at 50 
ohmsbecause 50 is closer to 60 than to 30 and still offered 
reasonable capability for power. 

ÁbƻǘŜ ǘƘŀǘ тр ƻƘƳ ƛǎ ŎƻƳƳƻƴ ŦƻǊ ŎŀōƭŜ ¢± ŦƻǊ ƛǘΩǎ ƭƻǿŜǎǘ 
losses/ft. 



Construction and costs
ÁConstruction of a wire inside a wire is where we 
get the modern coaxial cable.

ÁWidespread use and application keeps the price 
affordable for amateurs. 
ÁCoax is average of $1/ ft to about $4/ft for the good 

stuff. 
ÁHeliaxcan range from $3 to $10 per foot

ÁOriginal coax was rigid and often a copper pipe 
inside anther pipe.  (we still do this with Heliax, but 
it is a little flexible)

ÁThe 50 Ohms comes from compromise of power 
handling versus losses.  
ÁHowever, special  cases, like commercial stations 

may use closer to the 30 ohms for high power. 
ÁMost amateur uses are 50 Ohms



Coax Impedance
ÁThe impedance of coaxial cable is largely 
determined by the ratio of the diameter of the 
inner conductor to the outer conductor. 

ÁYou can find a calculator online that uses the 
formula and takes into account the dielectric 
material. 

ÁNote also that there both a distributed 
capacitance and inductance per foot of cable.

ÁMost commercial cables are 50 or 75 ohms.

Reference:
https://www.translatorscafe.com/unit-converter/uz-Latn-UZ/calculator/coaxial-cable/



Is 50 Ohms okay for Ham Radio? 
ÁIt works fine for most cases.

ÁIdeal radiation angle for the dipole is at ˂

ÁThat may be too high for bands > 20m

ÁIf your antenna impedance = 70 Ohms
ÁSWR = 70/50 = 1.4: 1   - a good value

ÁEven if it went to 100 Ohms that is SWR= 2:1

ÁOften metal objects near your antenna will de-tune 
the impedance and it may be closer to 50

Á50 Ohms is also the best compromise for equipment 
that must transmit and receive.

Á75 Ohms is great for receive-only antennas.
ÁSee info on a Beverage Antenna, usually 75 Ohms

Source: ARRL Antenna Book, Figure 2.15 ς22nd Edition

˂

For:
млƳ  мсΩ
нлƳ  ооΩ
плƳ  ссΩ
улƳ  момΩ

More on Antennas NEXT MEETING


