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Next to your antenna, the transmission line (or 
feed line) running from the transceiver in your 
shack to your antenna is the most important as-
pect of your radio station in terms of overall per-
formance.  Transmission lines are supposed to 
be a conductor for electromagnetic energy run-
ning from your transceiver to your antenna.  
Poorly installed connectors, or inappropriate 
transmission lines can result in the loss of sub-
stantial RF energy and drastically degrade the 
magnitude of your signal. 
 
For the purpose of the following discussion -- 
which is deliberately aimed at the new operator 
– an Amateur Radio station can be considered 
simplistically as being compromised of only 
three separate (but connected) components.  
They are the Receiver/Transmitter (Transceiver), 
the antenna, and the transmission system with its 
associated connectors that tie the other two com-
ponents together. 
 
New hams have a tendency to focus far too 
much attention on the first of the three, the trans-
ceiver, when they are deciding what they want 
for their station, but still keeping to their budget.  
In reality, most entry-level radios are all the 
same.  They receive fairly well, they will have 
more-or-less the same basic features, and they 
are capable of transmitting at 100 Watts.  For the 
purpose of this discussion, we will consider 
them all to be the same and add the observation 
that bells and whistles on HF radios are nice, but 
they should not be purchased at the expense of 
the other 2 station system components. 
 
The second component, the antenna, is often 
neglected as being of less importance.  Nothing 
could be farther from the truth.  The 100 Watts 
that can be obtained with a new radio can easily 
be wasted through inefficiencies in the antenna’s 
radiation properties and mis-match losses.  Take 
the time to learn about antennas and put up the 
most you can with the money you can afford to 
invest.  If nothing else, put up the longest dipole 
you can achieve on your property.  Length is not 
necessarily critical – cut it for 160 Meters 

(roughly 125 feet on its leg) if you can!  Then, 
feed it with ladder line, put it up as high as you 
can, use a tuner, and you will have a first-class 
multi-band HF antenna.  While this “quick and 
dirty” approach to antenna construction can 
work quite well, there are some issues to consid-
er when using ladder line and those will be cov-
ered below under Parallel lines. 
 
The prime purpose of the following material is 
then to familiarise the new amateur with the ma-
terials and methods associated with creating 
what, in all probability for a number of new 
hams, will be the only part of the station that 
they will actually build and install themselves – 
the feed-line running from the rig to the antenna.  
Poor selection of materials, wrong assembly 
methods, sloppy soldering techniques and inade-
quate protection from the environment during 
connection of the cables with devices outdoors 
will lead to immediate losses in the transmission 
line as well as progressive failure over the longer 
term through water getting into the transmission 
line.  This article will therefore focus on the 
selection of transmission line and connector 
types, installing connectors, and making con-
nections outdoors. 
 
To start, we will assume that you have an 
“average” entry-level transceiver with an output 
of 100W on CW, with a built-in tuner that is 
able to tune out relatively high SWR when it is 
looking at your antenna transmission line.  Fur-
thermore, we assume that it is capable of operat-
ing on 6 Meters (i.e., at a relatively high fre-
quency where coaxial line losses become much 
more significant).  Finally, it is assumed that a 
single coax cable will feed the antenna on the 
HF and 6M bands. 
 
I. Transmission Lines: 
 
There are two types of transmission lines – par-
allel lines (often called ladder-lines) and coaxial 
cable (coax), and there are a number of different 
types of connectors for coaxial cable.  We will 
describe each and their advantages below (see 
Figure #1). 
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Parallel line is the cheaper of these two types of 
RF transmission lines and has very little or no 
loss because the two sides of the line are bal-
anced.  The impedance of parallel line is 300 to 
600 Ohms (depending on the type); transceivers 
are 50 Ohm, so a Balun is going to be required to 
match the feed line to the antenna.  In order to 
ensure that the two sides of this line remain bal-
anced, care must be taken to ensure that this line 
does not come into contact with any other materi-
als, especially conductive materials, because the 
electromagnetic field can induce unexpected cur-
rents in nearby conductors.  The result can be a 
change in impedance of the line itself, detuning 
the line.  Installation of this type of parallel feed 
line takes care and ingenuity; on the other hand,  
it is much less expensive than coax and generally 
is very low loss (see Table I) 
Coaxial cable is more expensive than parallel 
line, but most coax is very much easier to work 
with.  Because the electromagnetic wave is con-
fined to the area inside the cable, along the center 
conductor and the shield, coax can be run 

through walls and up tower legs or trees to reach 
the antenna without fear of inducing current in 
nearby structures.  Coaxial cable used in Amateur 
Radio applications is typically 50-Ohm line and 
so matches perfectly with most transceivers.  Co-
ax is a cylindrical cable with a central wire con-
ductor surrounded by an insulating layer 
(dielectric) and then a shield layer – either foil or 
braided wire or for low-loss coax both foil and 
braided wire will be present – all surrounded by a 
tough outer plastic covering or jacket.  Coax 
comes in a variety of types and qualities; the 
price usually reflects a combination of the two.  
The big issue with coax is line loss and that is 
reflected in the diameter of the central conductor, 
the type of dielectric insulation and the quality of 
the shield.   
 
While there are many types of coax with varying 
impedance, only those with 50-Ohm impedance 
are used in Amateur Radio with transmitting an-
tennas. For the purposes of this discussion, there 
are two prime considerations when selecting a 
coaxial cable – quality of design/construction and 
line losses.  However, the type of coax selected 
for Amateur Radio applications should also be 
based on some other factors, including the fre-
quency (band) that is to be transmitted on, the 
degree of line loss acceptance, the overall length 
of the coax run required to get from the shack to 
the antenna, and of course the price. Attenuation 
(line loss) increases with frequency for all types 
of transmission lines, including coaxial lines.  
The RG-8X (low-loss) coax has an outside diam-
eter of 0.249 inches, is relatively inexpensive and 
works just fine for transmission in the lower 
bands, but is particularly suited to the 40, 80 and 
160-metre bands.  However, it becomes very los-
sy as the frequency goes up from there, and in the 
VHF/UHF range (including 6-metres) it is just 
not usable.  So, for the high bands one tends to 
use RG-213 or one of the newer types of low-loss 
coax – Belden 9913; LMR-400 or LMR-400 Ul-
traflex. 
 
Cable loss is often a difficult term to come to 
grips with because most of the time the units Fig. #1 
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used will be decibels (db).  To convert losses 
quoted in decibels into something a bit more 
meaningful in terms of a 100W station, use a cal-
culator such as HamCalc (free download from 
VE3ERP), or have a look at the excellent article 
by VE1ZAC at: http://www3.ns.sympatico.ca/
jhsmith/myweb4/index.htm for a nice easy expla-
nation of the db and how it relates to power.  
However, to help out here, Table 1 provides 
some representative numbers for some sample 
transmission-line options, showing what happens 
(power that will never arrive at the antenna) for 
various brands or types of coaxial cable, as well 
as ladder line.  Note that for matched lines, losses 
are stated under the condition of SWR = 1:1. Ta-
ble 1 does not tell the whole story however.  In 
order to understand what the real losses are, one 
needs to consider the affect of high SWR on the 
transmission line.  In the real world there is al-
ways going to be some mismatch between the 
antenna and the feed line and hence always some 
amount of SWR greater than 1:1, and high SWR 
can drive up total losses dramatically.  For exam-
ple, a 6:1 SWR on a transmission line translates 
into an additional loss of 2.1 dB, and that con-
verts to a loss of nearly 40W in a 100W system. 
 
Transmission Line  
Type   6M 10M 40M   80M 
RG-58  58 45 24 16 
RG-213  29 26 13   9 
Belden 9913  20 15   8   6 
Ladder Line    5   3 <2 <2 
 
Table 1 - Loss in Watts per 100 Foot of Trans-
mission Line for Various Coax Types/Bands 
 
When one does a cost-benefit analysis and takes 
into consideration the power being run by the 
radio, the length of the coax run, power-loss per 
100 feet and purchase cost per 100 feet of coax, it 
quickly becomes clear that there is relatively lit-
tle to be gained by using expensive ultra-low-loss 
coax (for example Belden 9913) when operating 
on the low bands (40-M, 80-M & 160-M) and 
even on 20-M and 10-M for that matter) because 
the cost difference does not justify the loss im-

provement.  However, on the higher bands, par-
ticularly 6-M and up, the difference is very sig-
nificant and an investment in the more expensive, 
low-loss coax will pay real dividends.  
 
Without going through all the analyses and the 
pros and cons of each individual type of feed line 
depicted in the figure #1, let us simply accept 
that RG-213 is a good overall choice and it is the 
most commonly used compromise for the aver-
age operator. 
 
The bottom line is, choose the best coax you 
can, for the bands you intend to operate on, at 
a price you can afford.  And remember, every 
connector you add to the middle of your coax 
will add some level of dB loss. So you definitely 
do not want to purchase 4 pieces and hook them 
together with connectors.  The ideal is a single 
run from the top of the tower to the shack. 
 
II. Connectors: 
 
When attaching connectors to coaxial cable it is 
critical that the correct connector type be used.  
For most Amateur Radio applications, there are 
three types of connectors in common use – BNC; 
PL-259 and N-type.  The N-type connector is 
mainly used in VHF/UHF applications.  It is ex-
tremely difficult to work with and is expensive.  
However it has a number of advantages, includ-
ing being waterproof.  By far the most common 
connector is the PL-259 plug that mates with the 
SO-239 jack.  Some radio equipment, particular-
ly hand-held radios will require a BNC male con-
nector.  However these are tricky to install and 
come with their own unique assembly instruc-
tions.  So, the usual approach with the BNC con-
nector is to simply purchase an adapter that con-
verts PL-259 to BNC or SO-239 to BNC.  One 
final thing relates to the need to insert sizing-
reducers into the PL-259 connector if small-
diameter (RG-58 or RG-8X) coax is being used.  
The PL-259 connector is designed to fit the larg-
er RG-213 and Belden 9913 coax.  If you are us-
ing the smaller diameter RG-8X or RG-58 for 
example, you will need to purchase the appropri-
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ate reducer for the PL-259 connector.  The bot-
tom line is that you should always purchase the 
best quality, solder-type connectors that you can 
find.  The cheap crimp-type connectors are just 
not worth it.  Most of the inexpensive connectors 
will also be difficult to work with and often fail 
because the heat needed to solder them tends to 
melt the internal insulating materials. 
 
   Jentronics in the Dartmouth Burnside In-
dustrial Park is an excellent source for good 
quality connectors and transmission line, and, 
they are a Callbook Advertiser and have been 
for many years! 
 
III. Soldering the Connector to the Coax: 

 
The most important next step, after selecting the 
right coax and connector for the job, is to 
properly solder that connector to the end of the 
coax so as to ensure a solid, long-lasting connec-
tion.  Most coax failures are a result of poor 
soldering jobs. 
 
RG-213 is probably the most-often-encountered 
size of coaxial cable.  It is large-diameter coax 
and is typically terminated by a PL-259 (see Fig-
ure 2A).  This is the connector that will be used 
for the instructions that follow. 
 

However, before beginning, it is important to 
have the right tools for the job.  One big mistake 
that many make when trying to install connect-
ors, is to use a small (low Wattage) soldering 
iron or a soldering gun.  Make the investment 
now in a 65 - 100 Watt soldering iron that has 
sufficient mass that when it is applied to a con-
nector, the tip temperature only drops slightly.  
Soldering guns have a relatively small mass, so 
when the tip temperature drops, the gun must 
heat up again and this causes the coax to overheat 
and the dielectric to break down and the result 
will most likely be a short between the outer 
shield and the central conductor. 
If this is the first connector that you have in-
stalled, it is a good idea to practice first on a 
scrap piece of cable.   

The following instructions are based on the 
application of a PL-259 connector to a piece of 
RG-213 cable. 
1) Disassemble the connector and slide the outer 

ring onto the coax with the ring threads facing 
towards the end of the cable that you are 
working on. 

2) Using a sharp utility knife or a miniature tub-
ing cutter, circumscribe a cut around the cable 
outer jacket about 3/4 inch from the end, then 
using your utility knife, slice the  end piece of 
jacket lengthwise being careful not to damage 
the underlying braid, and remove this short 
piece of the outside jacket.  See Fig. # 4. 

3) The next step is to trim the braid to the correct 
length.  Use sharp side-cutters to cut the braid 
so that 5/16 inch is left on the cable end.    
Remove the unwanted braid and lightly tin the 

Fig. 2A (Left) – PL-259 Connector with insert 
for RG-8X 
Fig. 2B (Centre) – Barrel Connector – joins two 
PL-259 connectors. 
Fig. 2C (Right) – BNC Connector 

Fig. 3 – Soldering Iron (65 – 100 W) freshly 
tinned.  Tip has been filed clean and deliberate-
ly  pointed so as to fit into the solder holes on 
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end of the braid. (See Fig. #5)  
4) Next, using a sharp utility knife cut away the 

inner insulation so that 1/16 inch of insulation 
extends beyond the soldered braid. (See Fig. 
#5) 

5) Tin the exposed center conductor, and let it 
cool completely.    

6) Now, put a little silicon grease on the outer 
jacket of the cable and screw on the PL-259 
until it seats and the shield is visible through 
all of the holes in the connector, and ensure 
that the centre conductor of the coax is situat-
ed within the central hollow tip of the con-
nector.  Use pliers as required.  (See Fig. #6). 

7) The next step is the difficult part where prac-
tice counts.  In Fig. #7 the tinned braid is visi-
ble through the hole in the connector. Place 
the soldering iron in the connector solder 
holes and heat until the solder begins to flow. 
Flow solder into the holes as quickly as possi-
ble, turning the cable as necessary.  The sol-

der should flow in and bond with the tinned 
braid of the coax beneath.  Let the connector 
cool completely.   

8) Solder the center conductor until the tip is full 
of solder and then let the connector cool com-
pletely.  In Fig. #8 the backshell is properly 
soldered with all holes filled and slightly dim-
pled from contraction.  The centre connector 
pin is filled full of solder and excess length of 
centre conductor is clipped diagonally.  All 
excess solder has been scraped from the out-
side of the centre pin.  Now file the tip of the 
center conductor pin smooth. 

9) Now before screwing the outer barrel onto the 
soldered connector, fill all of the cavities with 
a good-quality dielectric compound to prevent 
any moisture from entering the connector and 
causing the braid to oxidize.  

10) Finally, check your work.  If you have one or 
can borrow one, an analyzer such as the MFJ-
269 is an excellent choice.  The newly-
terminated cable when connected to the ana-
lyzer should show as an open circuit unless 

Fig. #4 

Fig. #5 

Fig. #6 

Fig. #7 

Fig. #8 

Fig. #9 
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the other end has been terminated with a 50 
ohm load, in which case the analyzer should 
read close to 50 ohms with an indicated SWR 
of close to 1:1. 

 
IV  Environmental sealing: 
Now that you have connectors on both ends of 
your cable it is very important that you properly 
protect the end of the coax that will be in the out-
door environment.  If properly protected, outdoor 
coaxial connections will last many, many years.  
If poorly done, failure – slow and painful degra-
dation of the transmission line system – is inevi-
table.  The following may look like over-kill.  It 
is not! 
 
 
 

 

 
 

Typical outdoor connection – two PL-259s
joined together by a barrel connector.

The first step is to fill every possible cavity with 
dielectric compound.  If moist air is kept out, 
the connection will last 10 years.  Finally, wipe 
off excess sealant after joining connectors and 
before taping. 

First wrap with self-sealing stretchable tape or 
cover with coax-seal putty before taping. 

Lastly, wrap completely with high-quality elec-
trical tape and secure the ends of the tape with 
tie-wraps. 

By Gary Bartlett – VE1RGB. 
 
Editing by Howard Dickson – VE1DHD 
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