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Low-Cost Transmission Lines
What you don't know can cost you.

by Frank Kamp K5DKZ

A t first alancc. this tit le seems to contain
a conflict o f terms. Transmission lines

are the more significan t part of the cost in
most simple antenna sy stems. We all like the
convenience o f using coax, even if it is not
rhe most e co no mic al solution. A fter a ll,
what else is there '? Ope n-wire line and twin
lead require an antenna tuner. That at least
gives us a choice , but the expense is stil l
there , eit her in the cost of coax or the pur
chase of an antenna tuner. Bargai n-styl e
coax is not it good solution. II is usually ei
ther of very questionab le q uality and has
poor shield ing, or ir 's embriulcd with age.

For medium and high power use, RG8 or
eq uival ent is the rnosrlogical choice in coax.
It's heavy en ough to hand le the power. It 's
a lso heavy e nough to require so me preuy
SIOUI wire and supports if used in a Oat 
topped d ipol e in stallation with no center
support. Then. if you want 10 add a ba lun at
the antenna feed po int, you compound the
weight problem.

Twin lead is the most obvious soluuon. It
can be matched 10 a short length o f coax
through a 4: I balun for easy routing 10 the
shack. That hel ps the situation so mewhat.
bUI what if our antenna docs not ma tch 300
ohms and we don' t want to use a balun at
the ele vated feed point? We could always
construct the dipole from twin lead, giving
us ou r im pedance match and broadband per
rorrnancc at thc same time. Thai sonnion al·
100 h:1 10 it s drawbacks. Twin lead docs not
weather 310 we!l as s imple wire and coax .
T he cheaper. receiving ty pe o f twin lead
may not handle the full legal power limi t

T he variations and perm utations of th is
deci sion-making process seem endless be
cause there are so many variables involved.
What we really need here is some magic do
everything transmission li ne that can pro
vide more options 10 deal with these va ri
ab les. Chief among these options would be a
line made from inexpensive materials rhur
c an be u se d without wo rry re g ard in g
impedance match to the antenna. Such a de
vice docs exist : it can be mad e fro m inex
pensive materials. or from almost any type
of wire or cab le. You cou ld even use thai
l.()()().. foo l roll o f la mp cord that was suc h
an irresistible bargai n two years ago.

An electr ica l half-wave section of trans
mission line has the unique property of mir
roring i mpedance from on e end to the other.
Fo r a ll pract ica l purpo ses . the electrical
properties seen at one end arc the same as at
the other end. The reaction o f most people
when they are first introduced to th is well 
known fact is "50 what?" The conventional
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use of transmissio n lines takes advantage of
the fact that such a line has a characteristic
surge im pedance for ( Illy physical length. All
that is needed is termination in that charac
terist ic impedan ce at both ends. Howe ver.
the m irroring ability of a half-wave tran s
mission line becomes infinite ly more useful
when we re alize that it has not hing to do
with the su rge impedance of the line. Thi s
means that we can use vi rtua lly any t wo
conducto r lines available 10 physically bring
the electrical equivalent of the antenna feed
poi nl down to gro und level where we can
more e ffecti ve ly de al wi th our matc hing
problem.

The Procedure
The key here is 10 ensure that the nonce

script line is equal 10 a multiple of electrical
half waves in length. The dow nside is that
this trick will only work on exact multiples
of a fundamen tal frequency. A line cut for
3.5 MHz will also wo rk on 7.0 M Hz, 14.0
MH/. . and 28.0 MH z. A line cut for 3.9 ~l Hz

will .....o rk best on 7.8 MHz, 15.6 !\.t Hz. and
31.2 ~tHz. As you can see. multiband opera
tion usin g th is concept is somewhat limited
unless we use an anten na tuner. The other
problem is determining what physical length
of cable corresponds to an e lectrical half
wave at yo ur chosen frequency.

T he electrical half-wa ve le ngth of any
transmission line wi ll alll"(I.\"$ be physically
shon er than the length calculated from the
fo rm ula : ha lf-w avelen gt h in feel = 4 68/
frequency, in MH z. The ra tio between its
shon er physical length and the length fro m
the fo rmula is known as the ve locity factor
of the line. veloci ty factors for various pop
ular transm ission lines can be found in The
ARRL Handbook. You won't lind lamp cord
listed there.

You can calculate the velocity factor o f
any line w ilh nothing more than your station
eq uip ment using the fo llo wing procedure
(use a fre quency in the 10 mete r band to
avoid wasting any more o f you r valuable
lamp cord than nece ssary ): From the formu
la above . calculate the hal f wavelength in
feet for the frequency yo u are using . Cut a
section o f lamp cord to this length. Con nect
the ou tput of you r transmitter 10 a du mmy
load using :I short length o f coax in se ries
with your SW R meier. Tune up on frequen 
cy using as litt le power as possi ble. Not e
and record the SWR into the dummy load
it should be very close 10 I to I. If it isn't .
check your hook up and verify tha t you r
dummy load is indeed 50 to 75 ohms. Now
replace the short len gth of coax with your

lamp cord transmission line (Figure I ). Do
not readj ust your trans miucr except for drive
to the final. i f needed. App ly power lind tnke
an SWR rcading-il will probably be higher
than I to I . Trim a few inches o ff the lamp
cord section and try again. Conti nue this un
til you gel the lo we st poss ib le S WR-it
shou ld he close 10 .....hal you experienced
with rnc dummy load connected through the
coax. Measure the fina l length of the lamp
cord and divide il by its orig inal length. The
result will be less th an one and will represent
the ve loci ty factor o r you r line cord. Now
you can use that va lue 10 calculate the physi
cal length of lamp cord required to give an
electrical half wavelength on any frequency.

Qualil1catlons

You might be tempted to do this test at 2
met ers if you ha ve the equ ipme nt. Thai
would waste even less cable, bUI it may also
give you bogu s in forma tion thai will nOI
scale down 10 HF frequencies. The formula
we used is only good for frequen cies up 10
30 !'.t Hz.

Of course. you are not restricted 10 using
lamp cord. Almost any line having two con
ducto rs will wo rk , us long as its physical
makeup is un iform throughout its length. For
ins tan ce . using alte rnate secuons o f tw in
lead and lam p cord where each section is
less than an electrical half wavelength might
nOI be a good idea. The surge impedance of
the line is nor a factor. but I don' t think that
allo ws it 10 be a variable through its electri
cal hal f .....aveleugth. You could even use a
twisted pa ir. as long as the pitch o f the twist
is unifo rm throughout its length. We al so
need 10 exerci se a lill ie common sense here.
You can' t bury a section of lamp cord in Ihe
ground like yo u would coax. A twisted pair
made fro m #24 enameled wire might work
fo r a receiving application. bUI I wouldn' t
use it for tra nsmit ting.

An othe r e xamp le app licatio n o f this
princi ple is m y recent e xpe rience with a
dual dipole phased array for -Kl meters. This
is an active array: each leg of each d ipol e
recei ve s po wer. So me sort of ba lan ced
fee d wa s requ ired . bUI I wanted to use
shie lded cable to redu ce no ise pickup on the
vertical sections o f the transmission lines.
I ended up using four el ectrical half-wave
sections of surplus RG6 2 coax. IWO sections
pe r di pole. T he center conductors of the coax
were connected to the dipole legs. The shield
of the coax was tied together at both e nds
o f the transmission lin e an d gro u nded at
the phasing network located in a box below
the array. iii




