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An Effective 160 Meter Antenna
How to build one on a small residential lot.

James S_Stanley KA6MMQ

Since the lime of th e year had arrived
when low frequency propagation char­

acrcrlsucs a re improving. my enenuon
turned to finding a way to erect an effective
yellow profile antenna for 160 meter oper­
ation. Since we live on a small residential
101 . approxim ately 100 feel by 100 feet
square. my options were limited. After re­
viewing a few .designs from several anten­
na reference books, it looked as thou gh the
"inverted L" Marconi antenna was go ing to
be the o nly practical choice given the space
available .

The ;\Iarconi L-Type

A typical Marconi L-type antenna con­
sists o f a wi re which is 1/4-wave leng th
overall at the desired operating frequency.
The length in feet is de tennined by the for­
mula:

234
= length (Ieet)

The usual installation of a wire inverted
L antenna fo r 160 meter operation con sists
of tw o suppo rt poles or o the r structures
spaced approximately 100 feet apart. Both
supports need to be 30 to 40 feet o verall in
height. Figure I sho ws a vertical elevation
sketch of the typical L-type antenna. Note
that a single wire is used to form the radia­
tor portion of the example antenna.

I chose to use steel mast tubing. sold by
Radio Shack in IO-foot lengths. to act as

the end suppo rts for the antenna system.
The feedpoint had to be located near the
back co mer of ou r property so I used the
in side wa ll o f the co nc re te block fen ce
which surrounds ou r back yard to act as the
on ly support for the Su-foor mast . After
drilling the concrete wall and installing ex­
pansion bolts. I used two 1_ 1/4M electrical
conduit clamps to fasten the mast to the
concrete . The installation is simple : The
co nd uit cla mps hol d the mas t t ight ly
against the wall up to approximately seven
feet above ground leve l. The masts have
s uffi cien t ten sile strength so as to not
break. They do. however. flex a bit in the
wind. The other 3D-foot mast is anchored
to the ou tside wall o f ou r house. A standard
mounting kit was used for the support. Nei­
ther mast has any guy wires o r ropes at­
tached 10 it for stabi lization-it simply was
not necessary.

As you can see from Figure 1, ground
radial wires are required in order to achieve
satisfactory performance from the typical L
antenna. In many cases like mine a few ra­
d ials can be installed but the number and
length are some what limited. The basic
rule of thumb is to install as many as possi­
ble that are 1/4-wavelength long at the fre­
quency of interest. My antenna system has
two radials that are 135 feet long and sev­
eral more thai are shorter, You may want to
bury the radials to protect them.

After erect ing the wire as shown. I made

several resistance/reactance measurements
at frequencies between 1.800 MHz and
2.000 MHz by usi ng a n RF im pedance
bridge connected to the feedpoint o f the an­
tenna. I used a General Radio model 9 16A
RF bridge, a long with a G eneral Rad io
1211 -C unit osci llator as a signal source. I
also used a Kenwood model R-2000 receiv­
e r as the null detector for the test se tup. The
resu lts showed that the feedpoint resistance
was generally q uite lo w. approximate ly 10
ohms resistance at the band center. which is
1.900 M Hz. Thi s presented a very poor
match for the HF transceiver used at my
station. I might add that since I use one of
those ne wfa ng led units with a solid -s tate
o utput stage, the transceiver is designed to
fold back or limit output power if the SWR
is in excess of 1.5: I in order to protect the
output transistors from damage . I consid­
ered using a tuner. but since the coax cable
between the operanng position and the an­
tenna feedpoin t was rather long. the perfor­
mance and bandwidth in this particular in­
stance would be quite poor. Some con sider­
at ion was also given to installing a remote­
ly-controllcd matching network at the an­
renna reedpoint and running th e cont rol
wiring back to the operating position. This
option seemed too com plicated. What we
really needed wa s a 50-oh m inp ut
impedance for the antenna so that standard
RG-8 U coax could be used between the
antenna and the operating position , where
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Figure 2. 300-ohm twin -lead Marconi "inverted L" antenna.
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FIgure I . Single-wire Marcom inverted L amelllla.

20 73Amateur Radio Today ' February, 1993

3, 10 Fool S..,H,,"_
/ R..... S~..._ "'"M"_ lIl.,
"--- .... '

. ,. $0,.'00. e-_ -
ao /.11 l.oo"g1~ ' 13 F...h.,

i"-/
;-4 .F_ Po.... le",,__.... '" _ l _t. ...~-R" p.

¥'_ftd Rod (" Oft...et b..... 01 ...... J GfoundR_ 01 Vaoy;"O 1Mog1~'

.1. T_e- 8uo Wn

- . "- -.



on hand which has a nominal
characteristic impedance of 75
ohms and decided to put that to a
good use. A quarter wavelength
of the RG- II U can be calculat­
ed by the formula:

1/4 wavelength :o 2
F
46 x 0.66

""'
In thi s equation . the va lue

0 .66 represen ts the velocity fac­
to r o f the tra ns m i ss io n line.
which provides a correc tion for
the line propagation characteris­
tics when compared to propaga­
tion of th e rad io wave in free
space . In thi s case, I wanted to
o ptimize th e antenna fo r 1.900
MH z and have minimal S WR
present at the edges of the band.
which are 1.800 MHz and 2.000
MH z. So what we a re re ally
talking about is trying to make
th e transcei ver operate across
200 kHz of spect rum. The actual
length of RG-II U coaxial cable
worked out to be 85.4 feet. The
cable was insta lled as shown in
Figure 2 and the resistance and
reac tan ce measureme nt s were
repeated fo r the three fre quen­
cies previously outlined .

This timc the antenna bridge
wa s loo king a t t he antenna
through the 7S-ohm cable . The
following. results were noted:

Due to the physical layout of
my ham shack in rel ation to the
antenna and feedpoint. I needed
approximately 120 feet of coax­
ial cable 10 get to metran sceiver
from the antenna so I decided to
coi l up mo st of th e 75-o hm
matching section and the n install
52-ohm RG-g U coax ial cable.
Aga in th e veloci ty Factor was
0.66. I was a bit apprehensive
about t he poten t ia l anenu­
arion from coaxial cable lengths
this long: however, after consult­
ing one of my textbooks. I de ter­
mined that the worst case loss
was 0.45 dB at 2.0 MHz, assum­
ing a matched cond ition and a
total cable leng th of 205 fe e t
for the RG I I and RG g types.
Th is mean s that for 100 watts
out of my transceive r, 90 watts
wou ld arrive at t he an tenna.
A ft er t he ins talla tio n of the
coaxia l cable to the operating
position was comple te. I again
con nec ted th e an tenna bridge
and noted th e fo llowing mea­
surements:
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Figure 4. BASIC program: Mismatched Transmission Litle.

Frequency ReslstanceReactaoce operating position are va lue s
1,800 MHz 24 ohms -36 ohms which c an be easily tran s -
1.900 MHz 490hms +3 0hms formed to 50 ohms by using a
2.000 MHz 48 ohms -59 ohms simple match ing network such

as an L-type configuration. For
The se fina l re st stance/reac- the sake of visual interpretation

ranee measurements taken at the of the final measuremen ts . I

Figur~ 3. Smith chart showing SWR versus [requetu.:y m~asurements

taken at the operating position .

ReslstaneeReactance
17 ohms +18 ohms
56 ohms +2 ohms
18 ohms ·9 ohms

Frequency
1.800 MHz
t .9OO MHz
2.000 MHz

The Twin-Lead L Antenna

After some additional investi­
gat ion, I found a de sign for an
Ltype antenna to be constructed
fro m 300-ohm TV-type twin
lead. The ph ysical dimension s
we re to be approxi matel y th e
same except the twin lead was to
be used to fonn a loop, simi lar
to a folded dipole. The far end of
the twin lead was to be shoned
together and one end of the loop
connected to ground at the feed­
point, while the othe r wire was
to receive the power fro m the
transceiver. Figure 2 shows a di­
agram of the "twin- lead L" an ­
tenna. The theory of this type of
system is that the twin lead acts
as an im pedance tran sforme r
which increases the " rad iatio n
resistance" of the antenna. which
in tum he lps overcome the in­
herent g round syste m losses .
The result is a more efficient an­
tenna and a h igher feed point
impedance .

Afte r d isassembling the anten­
na shown in Figure I and replac­
ing it with the twin-lead antenna
sho wn in Figure 2 • we repealed
th e resi stan ce/reactance mea­
su re me nts and fou nd th at the
nu mbers had changed signifi ­
cantly from the origina l single­
wire unit. The following results
were noted:

Frequency Resistance Reactance
1.800MHz 1100hms -152 ohms
1.900MHz 100 0hms ·3 ohms
2.000 MHz 190 0hms +l44ohms

Whi le the se va lu es depart
from the ideal 5G-ohm fi gure re­
quired for o pti mum transceiver
match, they represent workable
parameters which can be trans­
fonned to 50 ohms. II wou ld be
e xpec ted th at the impedance
measurements o bta ined would
vary somewhat from on e instal­
lation to anothe r; howeve r, in
my case. the center of the band
a t 1.900 :vlH z m easured 100
o hms resi st ance with a s ma ll
amount of capacitive reactance.
A re vie w of transmi ssion line
theory shows us that a 1/4-wave ­
length section o f tran smi ssion
line. when presen ted with a load
o the r th a n the nomi na l
impedance of the line , will act as
an impedance transformer under
the mism atched condition. The
impedance inverting property of
the line provides a good match
between a high -impedance ci r­
cui t and a low-impedance one. I
had some RG-II U coaxial cable

the transceiver was located.
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Figure 5. Simple L network a1lfe/UUJ matching unit,

Part ,
275-652

275-652

3052

Parts list, ATU

References:

Antennas, 2nd edition. by John D. Kraus
W8JK.

Constr uction 'Iecbnlques

As far as construction techniques go, I
construc ted my ATU on a small metal plate
and mounted it on the wall of my shack so
that it was out o f the way. If you want to
get fancy, you co uld pu t the circu it in a
metal box wi th coax connectors.

There you have it , operat ion across the
entire 160 meter band, with no remote mo­
tor co ntro lled antenna matching units or
other complicated devices. In fact, most of
the matching is accomplished by the selec­
tion o f coaxia l cable lengths and types. The
coaxia l cable is a necessity in order to con­
nect the antenna feedpoint to the transceiv­
er, so why not let it so lve the impedance
m a tching p rob lem s also ? The R F
impedance bridge and oscillator I used to
make the resistance and reactance measure­
ment s were purchased surplus for a modest
pri c e. There are also seve ra l new solid­
state uni ts on the market which have the
generator and detector se lf-contained; one
even has a frequency counter built into it.

One last note : I have enjoyed many con­
tacrs on 160 meters since installing thi s an­
tenna and matching system. At night . I am
consistently able to work other stations all
over the co untry and receive good signal
reports, wi th o n ly 100 watts out of the
transceiver. II

Radio Data Reference Book, Sih ed ition ,
G .R. Jessop G6JP.

Antenna Engineering Handbook, 2nd edi ­
tion, Johnson and Jasik.

Radio Handbook , 23m ed ition, by Willi am
I. Orr W6SAI.

Symbol Rating or Value Source

S1 6A C 250 VAC Radio Shack

52 6A 0 250 VAC Radio Shack
l1 5.4 uH Barto:er & Williamson

(16 tums '14 solid copper wire on a 1.5" form, six tums per inch)

Symbol Rating or Value Source
C1A ARCO DM19 SOD-volt 680 pF Circuit Specialists

C18 encc DM19 500-YOIt 820 pF Circuit Specialists
C2A enco DM15 500-YOIt 200 pF Circuit Specialists

C2B ARoo DM15 500-110II 200 pF Circuit Specialists

Barker & Williamson, 10 Canal Street, Bristol PA 19007.
Circuit Specialists. P.O. Box 3047, SCottsdale AZ 85271 .

Pacer Electronics, 1630 W. 12th Place, TefTll8 AZ 85281.

Matching Network
Circuit

Now for a ve ry
simple yet e ffecti ve
m atching ne t work
which will enable
you to operate across
the ent ire band from 1.800 to 2.(X)() MHz
without making adjustments. That 's right,
no knobs to tum or tweak!

The ci rcu it shown in Figure 5 has a basic
ATU consisting of a sing le series inductor
with two fixed shunt capacitors. either o f
which can be se lected by switch S2. When
operating in the bypass mode the unit is out
of the ci rcuit and, as I mentioned earlier,
the transceiver will PUI out full power from
1860 kHz to 1940 kHz. If operation below
1860 kHz is desired, the ATU is switched
in circuit and switch 5 2 is placed in the 1.8
MHz position . If operat ion abo ve 1940
kHz is desi red , switch S2 is placed in the
2.0 MHz position. It is Important to under­
stand that the design criteria for this circuit
was only to keep the SWR at substantially
less than 1.5: I at all portions of the band,
not to effect an absolute I : I match at any
frequency.

If you examine one o f the many graphs
published in the various antenna textbooks,
it is ev ident that the loss in transmitted
power at an SWR of 1.5:I is onl y 4%, Thai
amount of loss is insignificant and will pro­
d uce no perceptible change in the received
signal from yo ur station. If you must have
a I: I SWR at whatever frequency you hap­
pen 10 be opera ting on, I suggest you use a
standard ATU or transrnatch, such as the
SPC design. These are descri bed in various
antenna textboo ks and are also fo r sa le
comme rc ially from seve ra l e q uipmen t
manufactu rers. In that case, you may omit
this ATU from the ci rcu it. The ATU is de­
signed to handle 100 watts CW o r RTTY
con ti nuous ly, withou t heating or o ther
problems. However, if you plan to operate
with power levels in excess o f 100 watts,
you may wish to cons truct the matching
network with components that have a high­
er voltage and or current rating .

Parts list, Antenna
Ou.ntity Des<:riplion Source P.rt ,

• 10' mast sections Radio Shack 15-8<3

1 WaJl-mount lUI RadiO Shack 15-863

3 SO' lengths eco-cnmtwinlead

(to be spliced together) Radio Shack 15-11 53

1 Ground rod Radio Shack 15-530

2 Egg insulator paks Radio Shadl 278-1 335

500' '1 8 solid timed copper wire

for ground radials Pacer Electronics

65' RG11/U 75-ohm coax Pacer Electronics

" <> Belden 8237-type

RG MJcoax Pacer EIeclronics

2 1-1f4' COfIdUit damps Ace Han:tware

20' 511 6' nylon rope Ace Hardware

normali zed the figu res shown above for
50 o hms and pl o tted the m o n a Smi th
chart (see Figure 3) with a 1.5:1 and 2.0 :1
SWR ci rcl e a lso drawn on the graph. As
you can see in Ihis chart, a substantial po r­
lion o f the band fall s within the 2.0 region.
and approx imately 40 kH z ei ther side of
Ihe band center at 1.900 MHz falls within
the I .S: I re gi on . This me an s that from
1860 kH z to 1940 kH z m y so li d-s ta te
transceiver will produce full ou tput power
without any additional antenna tun er o r
ATU,

Program to Predict Impedance

The Marconi L antenna cha racteristics
can vary g reatly fro m one install ation to
another. It should be understood that, de­
pending upon the resistance and reactance
o f the antenna feedpo iru, it may or may not
be necessary to usc exactly 1/4-wavelength
or -90 degrees o f transmi ssion line in order
to obtain a satis factory match. The match­
ing section could be longer o r shorter for
o ptimum results.

S inc e a certain po rt ion of th is project
co ul d r e su lt in tediou s trial -and-error
CUlling of coaxial lines , g ive n the varia­
b les in vol ved from o ne installation to
another. I decided prio r to beginning the
wo rk to write a s imple comp uter pro­
g r a m in BA SI C to predict the re sult ­
ing impe dance a t one e nd of the trans­
mission line when the other end is termi­
nated with an impedance other the n the
nomina l c hara c te r ist ic imped a nc e o f
the line .

Sce Figure 4 for the program listing. If
yo u care 10 enter the program codes for
yourse lf. it should only require a few min­
utes of time . A lso , I ha ve uploaded the
program to the 73 BBS so that it can be
downloaded for your use. The program is
titled "Mismatched Tran sm issi on Line"
and wi ll operate on any IBM co mpatible
computer. I should point out that the pro­
g ram and the matching/impedance trans­
formation technology is applicable at any
of the amateur HF frequenc ies you might
be interested in.
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