An anterma system begms at a mdm S output '
%}f_c:annecmr and ends in the space around the
- antenna, including the ground and every-

_thing conductive that is nearby (in terms of
wavelengths) One never uses just an an-

mlght expect

Dne af the questmns y&u mﬁst answer 1is

“What feed line do [ use‘?” and, as with

many technical endeav{)rs ‘the answer be-

~gins, “It depends...” Whilé the choice also

_involves cost and the mechanical aspects of
- installation, the focus of this column is on-
_the electrical aspects. Assnmm g the feed

“line is adequately rated for the power levels

ymf]l be usmg, the chmce bmls d{}WI} ti): |

loss in the hne

Recently; Dean Straw NéBV fenn_f:r edlt{}r- :
i ;_?'-_'.fgfl'-i_mcredzbly useful TLW pro gram (Tmnsmzs—_

_of The ARRL Antenna Book,-

_sion Line for Windows).1 The result is 4

_ more accurate assessment of systems using.
-open-wire Teed line, aka ladder line or win-
_dow line. Often used as the feed: ]me for
@-_' ﬁjﬁ_fmulu-band “doublets” (wire antennas fed
_in the middle but not necessarily resonant
_onany band used), open-wire line (OWL) is -
often" assumed to be less lossy than an
_equivalent length of coaxial cable. With the
~new version of TLW available, it seemed
 like'a good idea to check this out. (This dis-

Let’s have a look at an example of this type
“of antenna system: a center-fed, 66-—-f00t

| ‘Ieng inverted V, 50 feet above average

ground, with 100 feet of feed fine. Accord- -

--'_mg to. EZNEC (www.emec.cem) at 7. 1 - ﬁm@ﬁ Feeﬁ@m

_tenna — rather, an antenna systemf What - MHz where the antenpa is very nearly_-
often seems a simple task — measuring,
- cutting, and hangmg upa skyhmk-——— really’ |
_involves’ many more quesﬁans th&i} you ~ load creates an SWR of 2.1:1 for 50 Qcable. -

* One hundred feet of RG-213 coax hasatotal -

mitter end of the line is 1.9:1. ('I‘he online
VSWR- RL—Reﬂecﬂon Coefficient calculator

by Giangrandi 1S another exce]lent free'. |
| S e —J4lQ(SWRof21 I)andsystemlﬂssm_'
- reduced t0 0.5 dB, slightly better than for the:

If mstead we. fed the mverted V Wﬂh thei_:_'-.__';: coaxial cable. Adjustmg the line Iength to

‘same 1ength of 450 Q OWL, the new ver- ":_-123 1 feet bmlgs the- system a]mgst exactly

| _smn of TLW. calculat&s SWR at the antenna{j{_-_f_- 0 re.ggnance with an mput Impedance gf_f |
to be 6.3:1 and the line 1035 as 0.43-dB.
While it looks. hke: OWL is Shghﬂy less
- lossy, that figure doesn’t include any losses
in'the mlpedance maichmg, umt required at
the line’s ‘input where SWR is still 5.7:1.
"ARRL Lab measurements ef full-legal limit
antenna tuners shows an- average loss of
- ‘about 11% for an SWR of 4:1 on 40 meters,

~ whichis 0.7 dB.3The total system_ loss when

tml 3)

EJﬂel Halias W1ZH The AF:’F?L Gwde to
Antenna THHEFS Chapter 14; AFi‘FiL 2010.

Cornversions between VSWR — Return Loss
. — Reflection coefficient” lampa Giangrandi,

WWW, gxangrand:.ch!electmmcs]anttaml
swr.html S = S

- cussion doesn’t include the loss of effe:cts Gf - T

bﬂllms aﬂ}?WhEIE m the system..) B

Startmg mth the canter—fed half-wave di- B 0 Hialk
- pole used on a smgle band (and maybe oh fg ot
 the third harmonic, too), the use of coaxisa = gz
-~ good choice for'moderate feed line length.
- The feed line SWR and- associated losses
willbe reasanably low, it’s easy foconnectat . - .

.ﬁ- both ends, and it lends itself well to switch-
mg arrangemnts between several autennas.

1 T?ansmfssfm LGe for Vw:?daws version 3 21
by Dean Straw, N6BV. See www.arrl.orgl
i qst—-m-dept_h for _software availability. -
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1.1 dB The adv&ﬁfagc smngs sli ghtljf more

to.coax for shorter feed line lengths and to '-
OWL as feed Ime 16110ﬂl mcreases. I

- You can also use an eld tnc]s: tuned feed— -

%—wavelengﬂl Iﬁllg, the antenna’s feed point ~ ers — to reduce the need. for 113313“3‘11311'3*3 -

nnpedance is65-j41Qor77 4_32::' 2 This -'f-'matchmg If the OWL is extended tothe

- closest length at which it is an integer num-
ber of %—waveleﬁgms 10ng, the input and _-
‘line loss of 0.7 dB and the SWR at the!rans - '-_._ﬂutput ﬂnpedances of the line will be. Yﬂy -
- nearly the same. One wavelengm of OWL at

7.1 MHz is 126 feet. At thislength, a50Q

transmitter ﬂutput SEEs an unpcdance of 73

73 Q, anSWRoflSl ‘and total system_-

| _lesses of 0. 56 dB. Remamber that this will
‘only work on the Gne:- ‘band and at the deszgn B
frequency }T{}H may stﬂl wmd up needmg |

e

---_'}the SWR wﬂl be lawar than Wlﬂl the IGOQ
. .3 __ffﬂi}t fEEd hne

. _F@&ﬁ E,.maﬁ ﬁw &%ﬁﬂ%ﬁu&&&aﬁ 5
usm.g OWL 111 thls antenna system 13 ab(}ut _’__}':Th& fun rea}ly begms Wheﬂ thﬁ 3ﬂt€ﬂﬁ& is tﬁ"
~be used on several bands, mcludmg those

1 for which the antenna is not an odd number .
of I/z-wavelengms long, occasmnally creat-

ﬁ%@&@%ﬁ

ing extreme feed point impedances. George
Cutso george, W2VIN, created an EZNEC
m{}dﬁl for T}’ze ARRL Anrenna Bﬂﬂk that 7
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| Figure 1 —T:}tal mserﬂm iass m a transm:s- R

- sion line terminated i ina mfsmatch [Cﬂurtesy o-f-
J{}E Reusert WUR] R RN

shows centar—fed feed pamt nnpedances on

the HF ham bands f:}r a 100-foot Jlong dou-

- blet, installed at 50 feet over average -

~ ground.* Tused the new version of TZLWto
calculate losses and SWR at the antenna
feed point for 100 feet of both RG-213 coax -

and 450 Q 0 All of thc data is shewn in

-~ still ha:ve to pmvzde some kind of n:nped—

. ~ ance matchmg device at the transmitter most -
~ of the time. As we have seen, that adds ad-

'_Spectwe of system loss&g

F E,mes ﬁw %%%@Em@ ﬁﬁ%ﬁmmg

' "Yagls dlpoles or grouﬂd—plane verticals,
are designed with a feed point impedance
that matches 50 Q mamal cables. For these -

ﬂght Coax fm: these antemms?

4The ARRL Antenna Book, 22na' Edltfan
- Chapter 24, ARRL, 2012.
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S You cauld start wzth the manufacturer s
- specified loss per standard length (usually
100 feet) and pick the lowest-loss line you
‘can afford. Hﬁwever antenna system de-

signers- gcnerally appmach the problem

- from the standpoint of allowabia loss. In
‘other words, what is the 1 maximum accept—
able amount of feed line loss? They select
feed lme that for ‘the reqmred len gth will
“have less loss than the maximum amount.
- This is a somewhat harder problem to sohfe'
- B S LR Nt L S becauseefﬂlecalculamnsmvelved
- In ﬂ]IS common sMatwn :{t S n{}t even clase .
~ —feed line lasses fcr OWL are umfarmly |
e 1ower than fm: €0ax, sametzmes by alot. -

Yﬂu re m Iuck hﬂwever because Frank

Dﬂnwan, W3LPL has pe:rfc}rmed thr_}se |

" That's not the entire st ory because you'll ~calculations already. The results are in

‘Table 2 (related tables are also avaﬂable m

The ARRL Anrenna Boak, 22nd Edznon}

which shaws the length of cable that results -

ditional losses, regard}ess of -whether the in 1 dB of matched loss — the loss fora

. feed line is OWL or coax. In general and- feed line temnna_ted in 1ts charactenstlc m- :

: exceptin extraordinary cases, the old advzce'f;‘{ff'Z':_"Pedaﬂce' L

. 18 Stﬂl g{)(}d OWL 1S bBSt fGI' fﬁ@d]ﬂg I]lult'{— T(} use these ﬁgures begm by dﬁ’ld}ﬂg thE: B

band ﬂon-resonant mtemas from the per—-— length Gf feed line you’ll need to use by the

~ maximum acceptable loss in dB. This deter-
- mines the lower limit for the number of feet

M{)st of our ham—band antennas, whether - per¢ dB of loss in the cable. Find the columnf .

__-'sh{}wm g the frequency at whlch you are
working. Locate the entzy in that ca]unm _'
 with the lowest value of feet/dB greaterthan

-antennas, OWL would not be a good choice the calculated lﬂwer limit, That cable is the

due to mﬁchamcal and mlpedanc em atchmg :-_":___-;_._lossz,est you can use and stﬂl satisfy your_

- “total loss. reqmrement For e;xampla if you
censzderanons So, how does one choqsg th? - can tolerate 5:dB of fead line loss in a300-
S ;:fmtmn at 440 MHz, your lower loss limit is-
- 300/5=
'i_'nmn LDF4—50A hardlme is the losszest

60feetldB In the 440 MHz col-

'cabie yﬁu can use — start sheppmg* Nate- .

that the values of feetldB don’tincrease uni- -
fermly from bottom to top dne to vanatmnsf

in cable pexformaac& over the wxda fre-
. quency range shewn m the table |

* Whatif the cable is not matched? Addmvnai .

loss will result as the power is reﬂected back
and forth in the feed hine. F:tgure 1 Sth}WS_]USt -
how much more loss. This chart, developed
by Joe Reisert, W1IR, combines matched -

* loss and additional SWR-caused loss into a
single set of curves._ “Tofind the mtai Toss of |

your feed Tine, start with the load SWR (at.
the. antenna) on the herizomal axis. Travel -

vertically to-the curve (or an’ mterpolaﬁan- -
 between: curves) corrwpondmg to the
‘matched loss of the feed line you've se-

lected. Travel horizontally: to the vertical axis

| :m find. the t{}tal attanuanon ()f the feed line.

If this total i is still helow your maximum al-

~lowed loss; ‘you can use that cable. If not,
- find the point at which' the maximum al-

lowed loss and load SWR intersect. That will

show the maximum matched loss. you can
~accept. You can then work backwards usmg-
.' Table 2 to ﬁnd the cable you need. o

Fead hne selection is Imt always SO comph-: .
cated. Most of the time you can justhook up
the antenna and you’ll work stations. To be

sure you're gettmg the most out of your pre-

“cious watts, thimgh these sorts of tmls can
_help y{m make yeur decman

5l—iamls—f:)rz Radio Expenment #1 19 “The Q3Q
- Balun Redux” All previous Hands-On Radio
experimentis are available to ARRL members
at www,arrl.nrg!hands-m-radm._ SRt



