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Part I—
Antenna Topics and Siting

BY PAUL D. ROCKWELL,* W3AFM

of optimum station design for DX hay
been on one aspect at o time. This ariicie
assembles various aspects, in the system-ap-
proach sense, und is specifically addressed to
optimum design for e.w. DX. However, most of
the ideas apply also to 'phone operation. An-
tennas and propagation will be discussed in
respects believed to be not generally appreciated.
Most of the ropies are already fumiliar to top
DXers, but one or more should be useful or
interesting to nearly any serious DX operator.
The writer expresses his appreciation for many
helpful comments and suggestions in voluminous
correspondence with top DXers. It was heart-
wurming to receive so much cheerful encourage-
ment, advice and many contributions. Only one
sharp eriticism was received: that DX is 90%
operator, 10% equipment. Maybe so — hut look
af Table 1. The suecessful D X-coniesi performers
who bring up this peint usually have several of
ihe following: {a} a full gallon; (b) a tower over
$5-feet high; (¢) a boom over 30-feet long; (d)
a quiet location; (e)'a hilltop site.

‘MOST of what has been written on the subject

Anftenna Topics

Firstly, horizontal is by far the preferable
polarization. The problem with vertical polariza-
tion is primarily with ground losses. Broadeast

* 5800 Iﬁllbume Way, Chevy Chase, Md, 20015.

30

stations eustomarily use 120 buried radials to
avercome these losses. Such an installation is
impractical for amateurs. Radiation efficiency is
probably less than 209 for an installation em-
ploying say, four radials. G. H. Brown, in PIRE,
June, 1937 says that for quarter-wave antennas
with (.4A radials, efficiencies are:

2radials. ... oL, el 1249,
Wradials. ... ...l 46.29
b radials, . ............. ....64.09%
8 radials, .. .......... ... . 8809,

Furthermore, the vertical radiation pattern
is characterized in practical locations by a null
at the low angles. The low-angle radiation of a
ground-mounted vertical cuarter-wave, often
shown for perfect earth as being good right down
to ° ¢levation, actually has u null therets,
Vertically polarized antennas are more sus-
ceptible to QRNN (man-made electrical noise)
than horizontally polarized.

With horizontal polarization, the antenna is
balanced with respect fo ground, and ground
logses are customarily only a few percent. |

Under certain circumstances, a vertical ground-
plane can be advantageous, iLe., (a) for a sult-
water veflection-zone, (b) for iis set-up c¢on-
eonvenience on DXpeditions,? or (¢) for construe-

1Jordan, *Electromagnetic Waves and Radiating Sys-
tems,” Prentice-Hall, 1950.

2 Anderson, “ Antenna Behavior over Real Earth,” QST
June, 1965, . - .
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tional and economic advantages on baunds Jower
in frequency than 14 Med Fven in such cuses,
the vertical loses important advantages of (1)
gain, receive and trausmif, and (2) receiving
effective 3/N, including rejection of QRM from
undesired directions.

Another topic which deserves mention iz the
fquestion of gain quotations on Yagi antennas.
Manufacturers have stated these gains in ways
which may be confusing. One manufacturer, for
example, chooses to relate the gain of a horizon-
tally-polarized antenna-array at optimum height
above ground, to a half-wave dipole in free space.
Tn this way he gives himself 6-db. of ground-
reflection gain. lis quotation should be corre-
spoudingly discounted. The practical basis of
comparison is to a half-wave dipole, same height
and foreground. Almost ull manufacturers, when
they do not state that the gain is related to a
half-wave dipole, are relating their gains to an
isotropic radiator. This raises the gain by 2.2-db.
as compared to gain over a half-wave dipole.
If the manufacturer has assumed that the refer-
ence isotropic radiator is in free space, whereas
his array is at optimum height above u perfectly
reflecting ground, then his quotation should be
discounted by 8.2 db.

The most helpful relation in evaluating gain
in & Yugi antenna is the formula:

L
Gain = 10 =-
rain 1 N

where L i3 length of the boom in the sume units
as the operating wavelength, A. IHere the gain is
that of the Yagi over a half-wave dipole, broad-
side, at the sume height and foreground, ex-
pressed as a factor5, In db.

; 104,
Gain (db) = 10logqe »M‘"\.\A_.

3 With respect to DXpeditioning, (tus {W4BPD) has
found it satisfactory to put a 14AVQ atop the tallest pole
he can find, often 10-50 feet, e 1ses 1 guys. ‘Two of these
areinsulated at 40-meter quarter-wave points, the other two
at 20-meter quarter-wave puints., A hole is dug, guy an-
chors set, and the antenna/pole “walked” up with the aid
of pike pules.

4 Krom W3BMX, “At W5KZA I had a pair of phased
ground-planes on 7 Me., quarter-wave wpacing and 40°
phasing which could be reversed, tlipping the curdioid pat-
tern 180°, Each (4P wus 20 feet above ground at the bave
and had 12 radials. Front-to-back ratio was consistently
20t db. on the nose and the gain about 3 db. Many fellows
thought I was kidding when I worked JAs, VS81s, VS6s.
DUs, ete., at Y-10 a.n. during the winter months. I was
uite impressed with the antenna. [t does pick up noise,
however; so in a noisy QTH it would not be worthwhile,
Its broad radiation characteristics and Hat s.w.r. (within
t.5:1) over entire 7-Mc. band were useful and nice to
operate,”

+ Simon and Bigei, “{™n Nouvesu Type ’Arien,” L'Onde
Hlectrique, Nov., 1954,

W3AFM has worked 310 countries on 20 c.c. only, in the period 1962-1965, from a topo-
graphical depression beside a f-lane highway in the middle of greater Washington, D. C,
Looking levelly from the peak of his roof, he sees neighbors’ basement windows on all sides.
This is not a construction article. Rather, this series will present some new and stimulating
ideas on subjects such as antennas, station apparatus configuration, most useful appor-
tionment of dollar expenditures on rarious station components, etc.
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T'his rule is good for optimized designs with ele~
ment spacings up to approximately (.23 maxi-
mum. It says svme Jdesigng are carrying more
elements than they need, and may be delivering
less-than-optimum performance on that aceount.

The rule becomes less accurate as the boom
length goes below a half wavelength. Fig. 1is a
useful guide. It is taken, and somewhat shaded,
from another reference.’
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For quads, use Fig. 1 plus 2 db.; but only at.
the quad’s optimum-design boom-length. The
quad may be considered, for estimating gain
patterns, as two vertically-stacked Yagis. The
vertical spacing, however, is less than optimum:
s0 2 db. is a better approximation than the 3 dh.
which would apply in principle for phased arrays.
Quad power-gain does not increase linearly with
hoom length, as is substantially the case with
Yagis. Also, quads are more susceptible to side
fobes of polurization orthogonal to that of the
antenna's nominal polarization. Since h.f. signals
arrive with random polarization, this means side
responses may be expected to be, relative to
Yagis, a problem.?

Measurements of antenna gain are tricky.
tJsual complications are (a) ground reflections,
{b) impedance matching, (¢) near-field effects.
{d) reflections and absorptions from nearby
objects, (e) ealibration of measuring detector and
attenuators, and (f) polarization effecis. When
sealing is attempted, further complications are
incurred. The subject is treated professionally.”
The sume material is published as IEEFE Stand-
ards No. 149 (Revision of 48 IRE 282), January,
1965, and is available from IEEE Headquarters,
345 Bast 47 Street, New York, N. Y, 10017,

8 Fhrenspeck and Poehler, “ Maximum Gain from Yasi
Antennss,” IRE PGAP, Oct., 1954,

T Orr, Quad Antennas, Radio Publications, Wilton, Coun..
1959,

¥ “THEE Test Procedures for Antennas,” TEEE Trana-

artions on Antennas and Propagation, Vol. AP-13, No. i,
May 1Y65, pp. 3746,
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From the foregoing, one might infer thut
Yagis and quads are ull 4 ham should use.
Because they can be rotated, this is not far from
correct for 10 through 40 meters, where most
DX is worked. Log-periodics are unattraciive
for hamming because of their low gain, high
vost, and structural complications. For really
high gain, up to, say 16 db., u rhombic can be
w good dollar’s worth, real-estate considerations
permitting. Rhombies ean be nested — that is,
several ean be stacked, with azimuths in various
directions, on the same iract. Inter-couplings
are less than commonly supposed.? Sloping Vs
are of course inferior performers.!?

Siting

The matter of good siting has been appreci-
ated by amateurs for many years. Recent work 1t
has made the criteria more clear. For the long
hauls, the higher the antenna, the better. Try
for 4 radiation angle (“take-off” angle) main
lohe at 1° elevation. It is especially effective to
locate an antenna of modest height on a cone-
shaped hill on which the ground slopes down-
ward in all directions for a thousund feet or so
at an angle of, say, 20° If vou have such a for-
tunate forezone, 50 feet is a good height for your
20-meter antenna.

The formula for angle of maximum radiation
thorizontal antennas, Hat terrain) is

s _a)
(54 arc sin 4}[

where h is height (in same uniis as for wave-
length, A) of the antenna relative to the ground-
veflection zone in fhe foreground. Required

height for a given take-off angle is __)L ------ . For
i 4 sin «

1° at 20 meters, flat terrain, this is about 1000

feet!® Hence, just figure the higher the better.
The ground-reflection (Fresnel) zone extends

ag an approximately elliptical area on the antenna

forezone. The geometric ground-reflection point

h

in thiszoneisatadistance from the antenna.

an o
For 1° take-off angle, flat terrain, at 20 meters,
this is about ten miles.
The near-end distance of the ground-reflection
elliptical ares '3 is given by

- h g _ BV
Mo = e " cosor

¥ Viezbicke, Interactions between WNested Rhombie
Antennas,” NBS Report 773, Sept. 12, 1961,

10 King, *“ Performunce of an Inclined Vee Aerial,” PIRE,
Australia, Sept. 1963,

M Ttlaut, “Effect of Radiation Angles on HF Radio
Signals,” Radieo Propagation NBS CRPL-D, bMar./Apr.,
1961, This article is highly recommended. Try Supt. of
1’ocuments, US GPO, Washington, D). C. 20102, for a back
issue at $1.

2 For an approximation, double the takeoff angle for
euch halving of height. Thus, 8t 14 Me., 500 feet give 2°;
250 feet, 4°; 62 feet 16°, ete. To find the effective ground~
retlection zone distance and elevation relative to antenna
mast height, plot a profile such as I'ig. 2.

¥ Plane earth, Kor spherical-enrth ray studies, see Norton
and Omberg, PIRE, Jan,, 1947,
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and the far edge by

[
or about 1.7 and 58 miles, respectively, for 1o
take-off.

Ciround reflections have been the subject of
published material complete with diagrams.4

A consideration for sloping sites, in addition to
the marked reduction of optimum antenna height
a8 mentioned above, is the reduciion in size of
the ground-reflection area. For a 20° sloping
forezone, the reflection area is about the size
required for 20 take-off angle on flat terrain,
or o maximum far edge of about 14 mile.

Incidentally, ground losses at h.{. for the graz-
ing angles of interest, suy 10° take-off angle,
are almost never serious for horizontal polariza-
tion and are of the order of a few percent. Ideas
of h.f.-gite impairment by magnetic masses,
ete., under the ground surface are superstitions.

Some conspicuous examples of well-sited
stations are W3CRA, WiKFC, and W6AM.
These stations have (in some directions) radio
horizons at distances of 20-50 miles. Radio
profiles are presented in Figure 2. Vertical angles
are not significant on charts like these.

The advantage of a good site und/or a high
antenna can be of the order of 10-20 db.! com-
pared with modest suburban-neighborhood in-
stallations. 1t leads to situations where the “mor-
tuls down below” can’t even hear traces of the
other end of comfortably solid DX QSOs being
conducted from the best sites. Incidentally, in
progressive antenna changes at W3AFM, in-
crements of only 2 db. in antenna gain have
opened up, in each cage, & new layer of workable
ventral-Asian DX,

Examples of high antennas with long-boom
Yaugis, terrain essentially flat, are W5VA,
W3MSK and W3PZW. They, too, conduct
what seem to be one-sided DX QSOs.

A quiet location can make a telling difference.
W2FZY, who seems to hear everything with o
modest antenna, attributes his success largely
to quietness of site. Sume of the new appliances,
notably mixers und bed heater-pads, can ruin
DX reception in ordinary urban ureas. Where
there are only one or two such nuisances, they
can be tracked down by auto and portable tran-
sistor radios. Their direetion can be determined,
within about 30°, by beam swinging. Once lo-
cated, the problem can be corrected by (a) buying
a new appliance and trading it for the offending
one (b) offering an LC filter (such as Lafayette
99R4005), (c) both the above. W3AFM’s worst
offenders have been found within 400 feet.
Lesser offenders have been located and corrected
at distances up o 300 feet.

Trees and foliage are less of a problem in h.f.
ecommunications than generally imagined. The
attenuation varies from a small fraction of a db.
for horizontal polarization to 3 db. for vertical
polarization. The values apply to 30 Me through

4 Bajley, Bateman and Kirby, “Radio Transmission in
the Lower Atmosphere,” PIRE, October 1955, p. 1226,

QST for
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Table I
Antennas at DX Contest-Oriented Stations (20 meters)
Calls feight (fe) Boom (ft.) Notes
WIBPW 38 i3 THHDHX
K1DIR 70 16 el
WI1JYH G0 17 Al
WB2APG 6H i 3-01 Mosiey TA-36
W2BOK 10 16 el
WZEXH i %4 A-uf
K2GX1 w0 ) H-el
WA28KL 106742 2o 6 2 ¥ 6el. Big Bertha
W2vIN K0 26 1-0l
W3RBES a2 14 3-0l
W3GRF g 15 H-el Ou quiet hill
W3LOE 53 30 4]
W3MSK 110 72 7-el 4~1000
W3MSR 00 AT Aee] 8133
W3PZW 294 48 H-el Atop 250 faot hill, 4-400s
W3WJIh Tl 12 3-¢] Quad, on gentle hill
WA4ANLE {1 36 -0l Telrex
W4BVY 120 48 5-al Rural, 8at terrain, £-1000
W4KFC 80 U 3-el Elegant site. Hilltop
W4KXYV 100 a8 A-ef Hill. Long slope except SE
K4LIQ 0 = d-el quad
WALANGO Tl sl Tl
W4NJIF a0 31 d-el Hy-CGuin 2048
W4RLS it 36 4-cl Hilltop
K4TSL 75 o 40l
KATWF 122 50 3-el
WAZRZ =1 42 Sl
W5LGG 2 2 A-el Wide-gpueed
W6HX 70 55 fiel
W6ITA N3 HR H-el
KEOH.T H2 RE! 3-et Atop 700 foot hill. S.F. Bay
WGONZ 76 24 Beel
W6RW {1 a0 S-el Hilltop ot 1370 fect
W6SAT 72 oo
WA6SBO e 46
WeUED 50 50
W7vGQ 150 24 s
WASAJT 73 20 J-el
WSFGX 70 )7 4-el Atop hill
WSHIR =& 26 H-el
WRISU 7 26 A-el
WORERU 6“2 et Hy-Gain 20740
WOEWC [a153 40 H-al
WIGIL 60 I8 S-el
WODCA 100 36 4ul Telrex. Hilltop
woTYQ =0 36 4-ef
moderately-thick trees ss encountered in fem-
chat.e Ones. %Ltem\uéi(is}x through a brick wall IMPORTANT NOTICE
is 2 to 5 db at 30 Me. 151
For plotting profiles of your =i excellent Changes of Address
eontour maps, 740 X 744, (e T4 minutes of ] . .
latitude by 714 minutes of longitude) may be Important postal changes in @am,l‘lmg
had for almost any part of the U. 8. A. ut 30¢ second-class mail matter are now in effect.
euch, Detail is such that individual houses may Please advise us direct of any r',ha‘nge of
often be identified. For explicit ordering informa- address. Four weeks notice is required to
tion contact: Map Information Service, (ieo- eifect thange of address. When notifying
logical Survey, Washington, D. C. 20242, [{8F—] please give old as well as new uddre:qs
¢ Paxt IT of thisseries willappear in an early issue. ) . wnd your zip eode. Your prompiness will
'3 Rullington, “Radio Propagation Fundamentals,” help you, the postal service and us.
B.8.T.J., May, 1957, Thanks.
18 Qaxton and Lane, “ VHIF and UHF Reception, Effects

of Trees and Other Ohstacles,” Wireless Worid, May, 1955,
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