BY DOUG DeMAW, W1FB

CONSTRUCTION PROJECTS, TECHNIQUES, AND THEORY

Some Answers to Common Antenna Questions

M';.f weekly mail bag contains more
queries about antennas than any other
amateur topic. It is not difficult to con-
clude that amateurs at all technical levels
are willing to build antennas, even though
they have little or no interest in con-
structing electronics gear. | am constant-
ly amazed at how little some amateurs
know about feed lines, baluns, and anten-
nas, even though the antenna system is
one of the mostimportant paris of an ama-
teur station. The nearest thing we have to
instant antenna knowledge is The ARRL
Antenna Bookand W1FB's Antenna Note-
book. | strongly recommend that anyone
who is skimpy on antenna knowledge add
these books to his or her technical library.
In the meantime, however, let's go over
some of the more common guestions that
are tossed my way from day to day.

Which Feed Line is Best?

The war of words conceming coaxial ca-
ble versus tuned feeders has been active
for decades, and it is unlikely that it shall
wane. From a practical point of view, both
types of feeder have a rightiul place in the
world of antennas. The determining factor
Is founded on the purpose for which the
antenna is designed. Certainly, there is lit-
tle point in using tuned feeders for a sin-
gle-band HF dipole. Conversely, if that
dipole is for use on several amateur HF
bands, then it makes sense to use tuned
feeders, which enables the operator to use
an ATU to match the system to his station
equipment for the frequencies of interest.
Why can't this be done with coax? A com-
mon question. It can be done with an ATU,
but the mismaich at the antenna feed point
at even harmonics of the dipole funda-
mental frequency is horrendous. Whereas
it is typically 40 to 80 ohms (depending
upon dipole height) at the feed point on
the fundamental frequency, it can be 1000
ohms or greater at the harmonic frequen-
cies. Feed-line losses become a signifi-
cant factor under these conditions and
damage can occur to the coaxial line at
very high power levels. On the other hand,
open-wire feeders have the least loss of
all feed lines, and even if the line does not
match the antenna impedance, the losses
remain low.

One advantage associated with coax is
that rain, snow, and ice have little effect
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Fig. 1- Physical details of the W1FB double inverted V for 160 through 10 meters.
The feed line is a section of commercial 450 ohm ladder line. Ladder line is used also
for the s-wavelength 1.9 MHz stub.

on it. Tuned feeders, on the other hand,
are greatly affected by the foregoing con-
ditions, thereby requiring readjustment of
the ATU to ensure an SWR of 1. | find this
a minor inconvenience, since one read-
justment generally lasts for the period of
time | am on the air. Fig. 1 shows an un-
usual antenna system | have been using
for several months. It works extremely well
from 1.8 through 29 MHz, and it utilizes
450 ohm ladder line in the tuned feeder
and stub system. | have not run it through
a MININEC evaluation program as yet, so
| can't provide the E- and H-plane pat-
terns for the various HF bands. However,
it has proven to be an outstanding anten-
na. The quarter-wave stub that joins the
two 160 meter inverted Vees is cut for 1.9
MHz. On the harmonically related bands
it acts as a shorting stub and effectively
joins the two inverted Vees at the stub-
attachment point. This system can be tai-
lored easily for use from, say, 3.5 through
29 MHz in the interest of minimizing the
real estate needed to accommodate it. |
nave room to spare on my 40 acres, So
the side-by-side 160 meter inverted Vees
are deployed without bending the lower
ends of the legs. In effect, the antenna
operates as two half waves in phase on
1.9 MHz, and on the higher frequencies
it becomes, in essence, an off-center-fed

inverted-Vee long wire. However, rain,
snow, and ice change the feed-line prop-
erties sufficiently to require readjustment
of my antenna tuner.

Commercial ladder line is much easier
to work with than home-made open-wire
lines. If the latter style of line is not sup-
ported in a rigid manner every few feet it
can become twisted easily in the wind,
and this causes a short circuit across the
line. Ladder line is stiffer and has poly-
ethylene insulation, and hence i1s less
prone to the problems mentioned.

| have been asked what the velocity
factor is for 450 ohm ladder line. | have
never seen published specifications that
list the value. Intuitively, | have been using
0.90 as the VF, and recent tests at 28 MHz
with a dip meter and a quarter-wave sec-
tion of line confirmed that my guess was
within & percent, and that's close enough
for my purposes!

Coaxial cable does not present losses
that are worth considering at HF if the line
is matched to the antenna. RG-58 and
RG-59 lines are, of course, more lossy
than the larger RG-8 and RG-11 types of
coax, but the losses will not show up on
the other person’s S-meter unless you're
using a very long run of feed line.

it is important to recognize that the im-
pedance of a tuned feed line is not impor-
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tant. It can range from 300 ohms to 600
ohms without making enough difference
to cause concemn. | have employed 300
ohm kw twin line a number of times, and
itworked nicely. | have also used 600 ohm
hand-made open-wire lines, and they
were also good. The true open-wire line
is less subject to the effects of moisture
than the lines that have polyethylene insu-
lation. The trade-off is up to the builder.

If ever there was a nostrum in amateur
radio, it's the balun transformer. These
devices have their place in a number of
applications, but a balun that is added to
an HF dipole serves no useful purpose
most of the time. It is a passive network,
and all such circuits introduce losses,
however minor they may be. Baluns are
sometimes promoted for HF on the prem-
ise that they (1) can reduce TVI and (2)
prevent radiation pattern skewing. 1Vl is
not caused by feeder currents, and skew-
ing of the pattern is meaningless with di-
poles that are close to ground in terms of
wavelength. The typical HF-band dipole
s 30 to 60 feet above ground, and this
results in high-angle radiation and no
directivity whatsoeveron 1.8and 3.5 MHz
in particular. Pattern skewing therefore
becomes meaningless under these con-
ditions. If we could see the radiation from
these antennas, it would look much like
an orb that sends energy in all directions.
The foregoing applies to dipoles, end-fed
wires, and inverted Vees, but not to ver-
tical radiators and inverted-L antennas.

It is not uncommon to hear some ama-
teur remark, “I'd probably be louder if my
75 meter dipole was broadside to you."
True, perhaps, if the dipole was a half
wavelength above ground, which on 75
meters would be some 120 feet in the air!
On 160 meters it requires a height of 250
feet to obtain the classic figure-8 directiv-
ity pattern.

Inverted-Vees with an enclosed angle
of 90 to 120 degrees are omnidirectional
in response. Therefore, it makes no dif-
ference what broadside direction you im-
pose. The radiation angle is dependent
upon the height of the inverted-Vee apex,
as is the case with horizontal dipoles. The
higher the antenna the lower the radiation
angle, and hence the better the system Is
for DX use.

Getting back to baluns, they are prone
to damage from overheating when sub-
jected to high power under conditions of
high SWR. For example, if a 75 meter di-
pole is resonant at, say, 3.9 MHz (the
point of lowest SWR) and the operating
frequency is changed to 3.8 MHz, for
example, the SWR at the feed point can
rise to perhaps 3:1. Correcting this mala-
dy at the transmitter with an ATU does not
alter the mismatch at the feedpoint, even
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"WINTER SALE* NEMAL ELECTRONICS *WINTER SALE*

* Complete Cable Assembly facilities MIL-STD-45208
* Commercial Accounts welcome - Quantity pricing * Same day shipping most orders
* Factory authorized distributor for Alpha, Amphenol, Belden, Kings, Times Fiber, Cable Wave

Call NEMAL for computer cable, CATV cable, Flat cable, semi-rigid cable, telephone cable,
crimping tools, D-sub connectors, heat shrink, cable ties, high voltage connectors.
HARDLINE 50 OHM CONNECTORS-MADE IN USA

FXA 12 1/2° Aluminum Biack Jacket . NE720 Type N plug for Belden 9913...................
FLC 12 1/2" Cablewave cor. mppern-‘ﬁ.rkr NE723 Type N jack for Beiden 9913.........cccoeeereen.
FLC78 7/8" Cabiewave corr. copper bik jkt... PL259AM Amphenol PL259............oooooeoveeeeeevrrnns
NM12CC N conn 1/2° corr. copper mA .. PL259TS PL259 tefion ins/silver plated
NM78CC N conn 7/8° corr. copper mf ... PL258AM Amphenol female-female (barrel)
UM12CC PL258 for 1/2° cort. copper ..... UG 175G 178 reducer for RG58/59 (specify).......
UG21D N piug for RGB.213.214

LIGBA3EB N fack to PL259 adapter, tefion

UG 146A S0O239 to N plug adapier, tefion

UG255 50239 to BNC plug adapter, Amphenol......
UG255TS S0239 to BNC Teflon Silver

SO239AM UHF chassis mt recepiacie, Amphenol ..
UG 1755/ UG 176S reducer (silver) specify

UG273 BNC jack to type N

.. $3.95
485

COAXIAL CABLES (per tt - 1001 prices)

1180 BELDEN 9913 very low loss (real Belden) ....
1102 RGB/U 95% shield low loss foam 11ga
1110 RGEX 25% shield (mini 8)....
?Iﬂﬁ@%ﬁ%mﬂmmh‘ﬂvﬂﬂ
1140 RG214/U dbi siver shid mi spec..

1705 RG1428/U dbi silver shid, I'Eﬂn'lm
1310 RG217/U 50 ohm 5000 watt dbl shid.

1450 RG174/U 50 ohm . 100" od mil spec

1410 RGS8/U mil type 50 ohm 95% shield............ GROUND STRAP-GROUND WIRE

ROTOR CABLE-8 CONDUCTOR e TONAC GO S

8C1822 2-18gaand 622ga . ................
BC1620 2-16ga and 6-20ga..

* Prices do not include shipping. Visa/Mastercard $30 min. COD add $5.
Call or write for complete price list. Nemal's new 44 page CABLE AND CONNECTOR SELECTION GUIDE

is available at no charge with orders.

NEMAL ELECTRONICS.,
(305) 893-3924 24hr.

HWO6 6ga msulaled stranded Wire ... e e, :
AW14 14ga stranded Anlenna wire ...

12240 NE 14th Ave. N.. Miami. FL 33161
e
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* VHF/UHF HTS.
PR * 2 Meter Mnbilr:as
World's * Dual Band Mobiles
* Dual Band Handhelds
* Deluxe HF Radios
* Mobile HF Radios
Full Yaesu Line with all your favorite accessories

The Radio Place

5675A Power Inn RD. Sacramento CA. 95824 E!#
Y 916-387-0730 Mon.-Fri. 9-5:30PT Sat. 10-5:30PT Fax 916-387-0744
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Using your SoundBlaster compatible mulimedia board, get voice announcements of PacketCluster spotal The
technology leader in Amateur Radio logging, the WEB20PA LogMaster Plus/Plus V7 ieads the way again. Witten
entirely in industry standard object onented C++, LogMaster pives you the tastest data retrieval, sasiest 10 use
menuing system, support for SAM, Buckmaster, AMSOFT, QRZ and JCOM cal sign data bases, and so many
features that we can't list them all here. Writs for free informasion packst, or download & demo from our BBS
(908) 787 2982. Demo aiso avalable via mal for $5.00. You will get a $5.00 rebate ¥ you elther download or

orsend $5.00 forthe demo. Of course you alweays gel our world relknowned toll free customer senvice, and
LogMastsr never copy protects of uses 8 protaction key of any kindl LogMaster Plus/Pius s avaliable for
only $88.95. LogMaster SE, an HF logger is available for $30.95, and The Log Ranger is available FREE from
our BBS! Ses the April 1993 OST, Page 47 fora review. [Radio interiaces and TNC cables aiso avaliable.

Free ARRL Memberahip Frea WEGD GSL Mgr List

Call Or Write For Detalls

Sensible Solutions (800) 538-0001

PO Box474 VISA and MasterCard Accepied

Middletawn, NJ O7748
(908) 495-5066 outside U.S. and Canads
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New Ham? NARA
speaks your language

We've never forgotten that, once upon a time, we were
beginners foo. NARA knows how to make a difficult
subject easy and uses language you can understand!
CONFUSED? Still trying to figure out your two-meter
rig? Understanding Your Handheld Radio, by Don Stoner,
WOTNS (#B701), tells you what the manufacurer left out
of your manual and doesn't assume you know everything,
SHY? A Beginner’s Guide To FM And Repeaters, by Bill
Pasternak, WAGITF (#8702), will get you started right on
the local repeater, and help you make new friends.
NEED GUIDANCE? The latest FCC rules (Sept. 93) are
found in Part 97- Amateur Radio Rules and Regulations
(#8703). Every ham should have a copy!

CURIOUS? Plan to operate on 10 meters? Under-
standing Single Sideband (S5B) (#8704) was written for
newcomers fo high frequency voice operafion.

NARA “mini-books” are only $3.95!!

The Art & Skill of Radio-Telegraphy, by William Pierpont,
NOHFF, is the most complete work on code ever published.
Our “disk-book” features 30 chapters! Read the screen or
print out copy. Only $9.95 (#8801) $2.00 S&H.

In stock at all major Amateur Radio dealers or coll NARA
toll-free for same-day shipping. Don't forget fo ask about
joining NARA and receiving the Communicator magazine.

e :
MNATIOMAL AMATE

Box 201407, Arlington, TX 76006
1-800-GOT-2-HAM
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1691 MHz Weather

Satellite System

1691 MHz HEMT Pre-amp.
model TS-1691-PAMP....c...coreerene $250

1691 MHz Receiver
model TS-1691-Recvr.......cccovuv.... $450

Decoder Board & Software
model TS-VGA-SAT4 .................. $349

Low Loss (microwave) Coaxial Cable
(65 ft) with connectors
model 1691-coax ass'y....c..cc...... 565

Track Il IBM Satellite Orbital
Program Tracks All Satellites,
World Map, Print Out..........cc.......... $99

1691 MHz Loop-Yagi Antenna

model 1691 -LY(N) ........................599
1691 MHz Loop-Yagi Extension
model 1691-LY-XTN.........cccorrseneen.. 585

Demonstration Disc (IBM-PC VGA
compatible) of signals recorded from
WX-SAT SYSIBM i.vviviiiiriiiiriisiesisssioines $3

Shipping: FOB Concord, Mass.
Prices subject to change without notice.

Write for details. W i :
SPECTRUM INTERNATIONAL, INC.

Post Office Box 1084- Dept.-Q
Concord, Mass. 01742, U.S.A.
Phone: (508) 263-2145

Fax: (508) 263-7008

though the transmitter is presented with
a 50 ohm load. The mismatch at the balun
causes & high level of RF voltage, and the
palun cango up in smoke—aquickly. If you
experience “creeping’ SWR (slow in-
creases) while operating with a balun-
equipped antenna, chances are that core
neating is occurring as a result of a pro-
hibitive SWR. As the core heals, its per-
meability changes (sometimes perma-
nently with ferrite) and hence a change in
effective inductance of the transformer
windings.

When using baluns with HF beam an-
tennas be certain to keep the leads from
the balun to the antenna feed point as
short and direct as possible. If not, the
leads become part of the driven element
and can result in detuning of the element.
This explains why some amateurs have
reported increases in SWR after a balun
was Installed at the feed point. The prob-
lem can be corrected by slightly shorten-
ing the driven element after the balun is
in place,

some HF beam-antenna manufactur-
ers recommend installing a 6 inch OD coil
of RG-8 coax at the feed point of the dri-
ven element. This device is not a balun
transtormer, even though it is commonly
called by that name. It is a decoupling
choke (RF choke) that prevents feed-line
radiation, which can spoil the radiation
pattern of the antenna. The addition of
several ferrite sleeves over the coaxial
feeder at the antenna feed point serves
the same purpose, and this method s less
awkward than trying to wind RG-8 cable
and keep it coiled as a solenoidal choke.
Ferrite sleeves for this purpose are avail-
able from Amidon Associates in Domin-
guez Hills, California.

Effective Antennas
For Top Band

Amateurs who try 160 meters for the first
time, along with those who are casual
users of the band, usually try to "make do”
with antennas that are designed for 75 or
40 meters. The temptation is to “force
feed” the nonresonant antenna by means
of an ATU. Although this makes the trans-
mitter happy, the efficiency of such an
antenna is horrible. Most signals heard
with these makeshift antennas sound like
QRP signals and are usually buried in the
noise. The shortfall in signal strength is
often enhanced by the use of a “barefoot”
rig that produces 100 watts or less.
Perhaps the besttechnique for usinga 75
meter dipole on 160 meters is to shaort cir-
cuit both conductors of the feeder at the
transmitter end of the line and treat the
antenna as if it were a flat-top T fed with
a single wire. If the feeder runs to the
antenna vertically, the system will func-
tion much like a top-loaded vertical,
However, the efficiency will be miserable

unless a ground screen is used with the
antenna, as is true of all high-perfor-
mance verticals.

| believe that the best solution to tem-
porary antennas for 160 meters is an end-
fed wire that is either 1/4- or fz-wavelength
overall. The greater the height above
ground the better. The half-wave wire has
the advantage of not requiring a ground
screen or counterpoise system under it.
Conversely, the /s-wavelength wire does
need a ground system under it if good
performance is to be had. Antennas of
this type can take the shape of an invert-
ed L, whichresults in part of the wire being
erected vertically.

Another method worth considering is
that of placing a 75 meter trap at each
end of a 75 meter dipole or inverted Vee,
and then adding sufficient wire to make
the dipole resonant on 160 meters. This
permits the user to employ a single coax-
lal feed line.

Operation on 160 meters is not unlike
that on 2 meter SSB or CW. This is be-
cause on both bands we must deal with
noise. The noise on 2 meters comes from
within the recelver, whereas on 1.8 MHz
it takes the form of man-made and atmos-
pheric noise. The better your antenna for
top band the more your signal will rise
above the noise at the receiving end of
the circuit.

Physically Shortened
Antennas

All is not milk and honey when we erect
a physically shortened antenna. No com-
promise antenna of this type can perform
as well as a full-size antenna. Despite the
popularity of the G5RV dipole, full-size
dipoles for the band of choice will deliv-
er better overall performance. Trap an-
tennas are also compromised by their re-
duced size. Surely, there are solutions in
which there is insufficient real estate to
erect a full-scale antenna, and these
shorter radiators have their place for
many city dwellers. However, a full-size
dipole can often be used by bending the
outer ends of the antenna downward or
parallel to ground. The current portion of
the antenna Is near the feed point in a
dipole, and the voltage ends can be bent
from horizontal without a significant deg-
radation in performance.

Disappointing results are often experi-
enced when even the best of 160 meter
vertical antenna systems are used for
short-range communications. The same
antenna can be great for DX work. This is
pecause the inherently low radiation
angle of a vertical has a “dead zone" from
the edge of the ground-wave contour out
to approximately 500 miles, depending
upon propagation conditions at the time.
The best system we can deploy for state-
side communications on 160 meters is a
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Correction
On page 82 of the January issue in my column there is an error in fig. 3. D1 and D2 are
shown incorrectly in a back-to-back, parallel manner. They should be in series, as shown in
the corrected fig. 3 included here. As ariginally illustrated, the diodes both conduct in the for-
ward direction and have a voltage drop of one silicon PN junction. This would cause signal
peaks to clamp at 1.5 volts rather than at 15 volts. My thanks to the sharp-eyed readers who

called the error to my attention.
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horizontal antenna that is not high above
ground in terms of wavelength. These
“‘cloudwarmers,” as they are fondly called
by their users, are effectiveon 1.8and 3.5
MHz for all-around communications out
to 1000 miles. There are times when they
will enable the user to nab some rare DX
as well. It can be seen that the choice of
antennas for these lower frequencies
must be founded on the type of commu-
nication desired.

Ground Radials

| can't recall how many times | have been
asked about the wire gauge for buried or
on-ground radials. There seems 1o be a
general belief that the wire must have a
large diameter in order to provide good
performance. Not so! Radials carry small
amounts of RF current (usually microam-
peres) and wire gauge is not an impor-
tant factor. Also, whether or not the radi-
al wires are insulated (another common
question) makes little or no difference.

The larger wire gauges, plus insulation,
make sense from a different point of view.
Soil acids and alkalinity will consume
small diameter wire within months in some
locales. Insulation helps to protect the
buried radials from corrosion, and the
larger wire sizes take much longer to be
eaten away. With regard to buried radials
versus on-ground radials, | have not ob-
served any measurable difference in the
antenna field strength or impedance
when using either method.

Still another common query is "How
many radial wires do | need?” Some work
done many years ago by Lewis, Brown,
and Epstein for RCA suggested that no
further increase In field strength was ob-
served after 120 radials had been de-
ployed, That number has been adopted
as a standard by many amateurs. How-
ever, effective vertical antenna systems
have long been used with as few as a
dozen Ya-wavelengthradials. If | may offer

a workable rule of thumb, | will suggest
that you use as many radials as is prac-
ticable for your plot of ground. They need
not be '/a wavelength long in order to have
them become a working part of the
ground screen, but the longer the better.
If you can't deploy them linearly from the
base of your vertical, fear not. | have
found it necessary to wrap radials around
both sides of my home, and some were
as short as 50 feet for a 1.8 MHz anten-
na. | used a 50 foot shunt-fed tower with
a 90 foot horizontal extender wire for
DXing on 160 meters in the 1970s while

living in Connecticut. My radial system
consisted of 16 wires. Some were 120 feet
long, and the shortest ones were 50 feet
long. With that antenna and 100 watts |
was able to confirm 72 countries in two
years of winter-month operating. Oh, yes,
one more thought about ground systems:
One or more rods driven into the soil at
the feed point of the vertical antenna do
not constitute a ground system. Al best,
it provides a DC ground for safety’s sake
and establishes a reference point of sorts
for the outer conductor of the coaxial feed
line. Ground rods do not take the place
of a ground screen. The radials need to
be within the immediate field of the anten-
na if they are to minimize losses and en-
sure a low radiation angle.

Some Final Thoughts

| have attempted to answer the most com-
mon questions | have been asked about
antennas. It is indeed unfortunate that
these themes are not covered in detail in
most antenna books. At this juncture | am
giving serious thought to writing an anten-
na book that not only deals with antenna
design, but covers the nitty-gritty sub-
jects that are overiooked by most book
authors and editors. Although | took this
general approach in the W 1FB’s Antenna
Notebook, there seems to be a need for
expansion of the general discussion.

73, Doug, W1FB
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“Coaxial relay reliability
has always been a problem.
About five years ago, we
switched to TohTsu Coaxial
Relays in our high-power
amplifiers. Since that time
we have not experienced a
single relay failure.”

“TohTsu offers traditional
Japanese quality and workman-
ship. The contact designs are
exceptional, making a relay that
has proven itself both electrically and
mechanically reliable.”

“Henry Radio will now distribute a
full line of TohTsu Coaxial Relays.
Most common configurations and con-
nectors are available AT VERY
REASONABLE PRICES. Please call
or write today for complete informa-
tion, prices and specifications.”

— Ted S. Henry
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