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A computer study

hile exuming the propertics of

some interesting antennas based

on the extended double Zepp
(EDZ), | had accasion Lo review a 12-meter
phased array consisting of twe EDE ele-
ments cut ta the standard formula (0,64
wavelength each side af center feed), spaced
17K wavelengrh (471170, and fed 180 degrees
oul of phase. A1 35 feer, a reference dipole
psing copper wire showed a calculated gain
of 6.9 dBi, while a single wire B0 showed
2 gain of %6 dBi, The phased array bad a
gain of 12.6 dBi, which was 3.0 dB better
than the simple FT3Z amd 5,7 dB belier than
the simpler dipole. 1 was surprised ar the
refatively large gain of the array over the
single wire antennas, 11 wasn't consistent
with results T had caleulated for variations
on the ERZ theme, Then it hit me: 35 leel
was 778 of a wavelengih on the 12-meter
band, In examining the characteriscics of
antennas o low heights typical of those
psed by amateurs with limited funds and
space, | had learned thar the results of catl-
culations performed at 748 wavelength
weren'l always consistent with those achieved
abve and below that height.

T confirm my suspicion. [ performed @

series of calculations via ELMEC for a col-
ection of 12-meler wire antennas a1 heights
af 20 1o 70 Feet (in 1-fool increments) above
medium pround (average earthl, using cop-
per wire lasses.* My present stock of mo-
dels, logged into a Cuartro spreadshect file
for convenicnee, includes dipales, 2 and
F-clement Yagis, 2-clement 130udegree phased
arrays, §35-depree phase-fod beams, and delta
and quad loep beams. Data gachered in-
cludes main-lnhe take-off angle, gain, [eed
point impedance, and front-te-back ratio,
whersver relevant. Gain (lgures use the
Towest matn lobe ar its maxtmum, Except
For the lowest heights investigated (20 10 23
feet), the differences in take-afT angles
varieed 1oa litele to note in the body of this
srudy, bul see Appendix 1 for a Tew notes
on the subject. In any event, this study
rmakes no claim as o the DX parformance
of any antenna. [n Facr, many of the models
are far from optimized, having heen chosen
1o tesr hypotheses related to their properties
at varieus heights.

Taking the time 1o sudy the patterns of

VELNED & ardighle from Boy camwalked, WTEL, PLIL Hew bRiE. B
werman, Lirgern ST0T




]

0 THROUVGH 1 METERS

Frwigiie s

in MHz % 5 % % 1
14,2 41,0 SLeF eDEl ERIT
18.11 1194 403 4Tl AL
z.2 PR Adn L din 39
245 24,64 AT 34,50 .47
2R.5 11,57 15EE 0 M5

ANTENNA HEIGHTS BETWEEN 5 AND 13 WAVELENGTH,

Amntemna Height im Ferl per % Wavelength Increase

B (9 K 14 s 135
JTMOBBSE 9524 A NIZAE 12121
GL.IG  A7.8%  T4AR A1.47 FES 95,04
% A28 83T a4 5% IEM E1.19
.35 d2E R4 5811 06 GR35
1241 4304 a%as AL Ah0E &30

Tuble 1. yowavelength increments of andenna height for s selected frequeney within each ham band Trem 0 through

Ul mirens,

"."-.".'_'J'-;'-.'—;lﬁf (31

Can v

Figure 1. Gaim varlations I dipoles PR, DR, 05, and 00, fram 20 ro N foo)
heights.

<o s

oo moidh M &

Figpure 2. Gain versus resistamoe 2nd reactanee for a 17 3-wavelengith dipole [rom
20 ene M frone beighis.

PR

(=)

rrs

drlenna propertics as the height of the an-
tenna is varied has proven very instructive
o me, Anlenna specifications, whether
presented by hams or commercial manufac-
turers, usually appear as a single sef. Same-
times writers use free space numbers, some-
times real earth numbers, Some specify gain
i B, others wse dBd, seill orhers use a real
dimole ar the saime height as their standard.,
Mone, however, specity antenna perform-
ance over 4 rangs of heights, bul pechaps
they should, In any event, if we understand
hiow the performance of various tvpes of
ancennas varies with height, we can have
muore realistic expectarians when we build or
buy an anenna and install it at home.
[welve mefrers is Ao interesting band oo
use for caleulating antenna performance at
Lhe heights of typical amateor inscallations.
In the Uiiled States, we cend to work in io-
crements of 3 feer, which 15 close o 178
wavelengih at 12 mecers. Table 1 lists the
heights thal correspond to | /8-wavelengih
increments from |72 (o 1-3/4 wavelengths
for a selected poeint in cach of the ham
bands from 20 through 10 meters. The re-
sults derived for the antenna maodels at L2
melers can be translated o other bands with
adjustmenes for heighl. The effects of vard
clutler, uneven terrain, and other vaziables
limit the predsien with which modelz can be
realized in practice. S, toa, do construc-
tion praclises. Hence, pain and acher fig
ures are wsetul only Tor generafized compar-
isons. Their absolule values are relatively
wiimpertant. Indeed, most of (he infecma-
tion in this siudy appears in graphic form,
a5 Lhe shape of the curves may be more edu-
caticnal than takles of numbers from which
the graphs derive, For reference, each an-
tenna made] type is accompanied by one or
nare {ree space azimurl parlern, W here
relovant, some elevation patterns also ap-
pean, Lo the end, the line graph gives you an
indicarion of anlenna performance.,
Applving the figures Croms Lhes study to
olher bands requires conversion by refer-




ence o wavelengths and fractions of wiave-
lengths above ground. Extrapolaring the

13 merer resulis Lo ocher hands is necessari-
Ty limiced by ar least two facloes, Firss,
practical huilding Imitarions restrict
extrapolations ra 20 through 10 meters. On
& and above, the lowest antcnnas are
typically higher than 1-3/4 wavelengihs up.
Similarly, on %0, the highest antennas are
below (he halt-wavelength poinc Socond,
the average or medinm soil mode] from
which these figures result hecomes
nanlinear af the lower HE requencies. Ta
this second factor we may add che problem
of changing depths to which antenna cur
rents penetrate in the lower HF region,
whizh troubles any assumption of ceherant
s0ils underkying an antenna system. Appen-
dix I provides some additional derails on
(hese limitatiens of extrapolacion,

Any study like this, undertaken in spare
rime, is subjeet o specitic data point ereors.
Modeling cach antenna for herween four
and seven dara points per slep and 31 steps
per model opens the doar to transcripiion
arrors, Only gain numbers were allowed the
three decimal places given by ELNEC in or
der 10 smooth gain cucves, Other data were
rounded on the Ty to one decimal place
excepl for che cakeoll angle and certain very
high reactances, which were recorded as in-
tegers. A sccond epening for transcription
arrar occurs in manually emering the dara
into a spreadsheet for analysis {a vme con-

suming and futiguing task)l.” Simple anten-
nas, ke the dipoles, took about | mimile
per step to tun and record; simplified quad
and delra laops took about 3.5 minules per
step. Fully tapersed-glement lonp antennas
Look ¢lose to O minutes per siep, even with a
caprocessar on i M-MHz computer;
therefore, they were only spol checked for
voingidence with the substitute models, Mone.
theless, what | learned in the process made
the Tatigue worthwhile, and 1 apolegize in
advance for any dala painl errors.

Cipales

As lang as [ can remember, amateur liter-
ature on LS 2-wavelength dipoles has record-
el (he Fact that the feedpoint ressstanes and
reactance ¢hange as oo moves the antenna
upward. Less prominent (ondeed, invisible)
in most literature is the fact that dipole
gain, as a function of 4 oM parison to an is-
vlropic source, also changes with height, In
fact, pain minmoa and masima may be
greater than 1.3 dB apart. Unlike NBS stan-
dards [or length and weight, the dipole 15 4
highly variable standarnd.
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Tahle 2 lists the dipole models evaluated
vig ELMEC, The reason for the large
number of models is simple: they answer
some interssiing newcomer questions about
variations in dipole performance. Firse,
diowes the qualty of grovmd make o dil-
ference in the position of maxima and
minima? Secend, does the length of 4
I#2-wavelength dipole make a ditference?
Ancenna models PR, DR, DS, and DL
amswer Lhese two questions uneguivocally.
MNo! Figure 1 graphs the gain of four na, I8
copper dipoeles ac 2495 MHz over medium
ground, The upper curve Lraces the gain
change of DPR, the dipole over perfecr
ground. We may note in passing that
giathering data on any ancenna over perfect
ground is move difficalt than over real
ground. The reason is that higher angle
lobes may show ligher gain figures thao the
lowest Jobe when above perfect ground. The
currcar state of MININEC programs re-
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guircs that one go huting for the gain of [ Ant LS Gn, tod @ F48E VAs
the lowest lohe. i
The loarer cucve af Flgnre §is actually - - e e ]
three races so close together as 1o be insep- a v Doy R V=0C, ST WOYE

arahle. Antenna DR is roughly resonant in
the sense of having its reactance alternace
between capacitive and inducrive as the an-
tenna goes up. (3 proscnts a \'ar;-'im-: CA[aL-
itive reactance at all heighls, while DL pre-
sents an inductive reactanee at all heighs.
Regardiess of whether the antenna is stight-
Iy short or shghtly lang, the gain maxina
and minima remain w the same places,
Small but significant amounts of reactance
don't displace these points any mare than
daes the nature of the ground. o general,
for 1#2-wavelenpeh dipoles, the gain mani-
ma coincide with the minime of Lhe resistive
companent of he feedpaint impedance, a3
shown in Figure 2.

A related guestion concerns the e{fect of
element thickness upon masima and mint-
ma. Antennas DT and DVT vsed 17840¢h
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and |-inch diameter aluminum clemencs, re-
spectively, Fipare 3 shows the results of
madeling these chick and very thick dipoles.
Although gain inceeagses enough to be harely
visible, nothing else changes in the varation
of gain as a function of antenna height.

For resonant or near-resonant 1/2-wave-
Iength dipoles, the actual positions of the
gain naxima and minima are slightly short
of true 1/8-wavelength points. Maxima oc-
cui near, hur before the 578, 1-1/8, and
1-5/8 wavelength points, while mnuma oc-
cur just befare the 778 and 1-378
wavelenigth poants, The difference is
roughly | foot ac 12 meters, or about 0425
wavelengeh, The nest question is whether
this helds true far all dipole antcnnas.

Figure 4 shows the free space patlern of 4
14 2-veavelength dipole, with irs well-known
pinch-wasted pattern, Figure 5 shows a
much longer dipole, the extended double
Lepp (EDE), also moedeled oo ne. 18 sopper
wirg, Fach lee of this dipole is abowt 0.64
wavelength loog, Because Lhe aptenna iz
noncesanant, it exhihits a large reactance ar
Lhe Teedpoint. Al a toral length of 574
wavelengths, the reactance is capacitive.
This effective amenna shows a displacement
of maxima and minima between 2 1o 3 feet
lower—mare than 0.06 wavelength lower—
than the 1/2-waveleneth anienna, as seen in
Figure 3. As Figore & shows, the maxima
sl minima are nel dicectly related (o either

the resistance ar reaclance at the feedpoint,
il (0 dnlermiediate points.

Another more subtle diffzrence hetween
lhe 1 Z-wavelength dipole and EDZ appears
im Flgure 3, All 1/3-wavelength dipoles dis-
play therr highest gain ac ahowr 378 wave-
length and their lowesi gains at 778 wave-
length, The graph epproximaces the voliage
curve tor & dampened oscillator, Abeve 3
wavelengths of antenma heighe. che differ-
erwe between maxima and minima drops 10
about (1.2 dB ar less. The EDZ lollows a
slightly different puin patrern, reaching irs
maximum level at [-1/8 wavelength. The in-
crease of pain with height between the 378
and [-1/E wavelength points is commoen for
ity viher antennas that lack the ascilla
rion of values shiown by Lhe dipoles. The
EDZ shows characteristics of being a
mixed-hreed antenna.,

Thers are some lessens to be learned
{rom even the limited analysis per formed
here, The lessons apply to almost any an-
tenna design one might disseminale 1o
others. In the real world of antennas, there
are perhaps ne standard antennas, not even
the L-2-wavelenpth wire dipole. There are
only ceteris paribus references; 1han is, rel-
crences iT all other things are equal. Henee,
even the wire dipale is not a Blank standard
for horizontal antennas, Rather, che dipole
serves as a reference ac the same (reguency,
at the same height, over Lhe same type of




earth, in the same orientation, and mads of
the same material. As a bascline for com-
parisens, 1 5 0ol 3 nuimber, bul a graph
against which arher antennas can be plotred.

180-degree phase-led arrays

1If dipele antenna configurarion has litile
ar no cffect upon the vanaticns in main
Jabe gain waril we reach the very high reac-
tance of the BV, even though feedpoint
registance and reactance display similar but
displaced varialions, 1hen another gquestion
arises, What creares the variations in gain?
The question receives a pactial answer foom
the group of antennas listed in Tahle 3. All
the antennas have two elements, fed 150 de-
giees out of phase with each other. The
double WEIK i5 a classic and has been built
Wwith spacing from [/8 to 1/4 wavelengeh.
The double EDZ is of mare recent vintags
and appears in The ARRL Handbook . The
double guad loop is a conceprual inveniion

designed 1o add ane more antenna 1o the
lot; its performance doesn't justify can-
struction hy anyvone, In facl, because loops
reguire so much computer time to run when
accurargly modeled (wsing the element tap-
ering feature of ELNEC), [ ran o substiture,
[tx parenthetical madel-only dimensions al-
lwed me (o track the sume performance
within reasonable limits while nsing only siv
SERIENTS per wire.

Figures 7 and 8 show the free space azi-
muth patterns Tor te DEJRp and DEDZp
antennas, respectively. Analysis of the di-
mensians of the deuble W3IK would show
its elements ta be slightly ong under any
conditions, even though they are tradi-
tipnally considered 1o be | wavelength long,
A precise l-wavelength dimension for any
piven amateur frequency would vigld an
anrenna withoul reaclance at that frequen-
¢¥. Hewever, even a small frequency cucur-
sinn would canse a reaclance jump. Similar-
ly. smxall changes of length, such as those
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croated hy clement sag due vo gravity, create
the same effecr, ¥arying rthe model element
length between 37.6 and 37,8 [eet produced
CAE oot a resigtive feed poing impedance component

' - around 30,000 ohms, while Lhe reactive
compaomnenl weal Fram 10,700 ahms indue-
tive to 4,400 ohms capacitive—a change of
e than 5,000 almes in abawr 2-1/2in-
ches. The longer 3% 4-foot elements produce
a large, but siable, capacitive reactance

//"n:.' ]
0T _fT -
= without pattern distortion. In centrast, he

::f'_: f";\-}i; // . ; doulle EDZ array has more 2ain, but a

& e - e = - more complicated pateern of radiation.

52 e ———————— Flgure 9 shows the results of modeling
a73 - these arrays with their LB0-degree teed sys-
reins, Resonanl 17 2-wavelength dipole and
EDZ patrerns are shown for the contrast.
Witk all three phase-led acravs, Lhe gaino
patterns show little peaking and may be
conzidered “well-behaved.' These same
patterns also show up in the impedance fig-
Figure 0_ Gain rarialioas i snienns: TR, EDF, D4TKp, DEDZp. and TH}Tp-A ures. Above thees guarters of a wavelengrh
Trim 20 1o TO fam heights. {10 leet at 12 meters), both the resistive and
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reactive components of the double quad
loop vary less than | chm each. The peaks
ang valleys in the patterns of che other Lwo
arrays vary only sheghtly, but da show anin-
veried co-wariange with the resistive com-
poeent. That s, feedpoint resislanese peaks
as pain dips. Figure 10 shows che phenome-
none Tor the double WElk, The double ET7
ien't worth graphing in this regard, since s
reactance varies back and forth by 1 ohm
Lhromglour che height cange investigated.
There seems Lo be a pretty good reason
{or the lack of 2ain and impedance vara-
rion among the antennas of this group. Fig-
ure 11 shows the clevation pattern of Lhe
double EDE antenna ar the 40-foot lovel.
Compare the high angle radiation imeooedi-
ately abave the antenna to Flgure 12, the
elevation partern of the resonant dipale ot
the same height, Without high angle radia-
tion o reflect off the ground and back to
[le anrenna, variations in antenna curcents
and phase anples, with consequential altera-
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Figure 10, Diabm verous resistamior and reactance Tor 3 dowhbe WHIK arroy from
200 T found beighis.
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Figure 1¥. Ebevniiun pottern of i resonaid dipole (DRE b o height nf #0 feer,

tions of antenna feedpoini impedance and
puin, aren't possible. The 180-degree feed
systermn cancels high angle radiation (both up
ansd dowo), The dipole near the {real)
eround treats the ground as a [ossy -
ape’ element {Lthat is, a driven clement with
the horizontal component of the current 150
degrees gut of phase with that in the real
antennd elementh. As we shall see, the addi-
tion of parasitic elements to the ancenna can
add further complexiries 1o the variations in
antenng pecformance with height.
Comparing the performance ol 4 dipole
or LIF. with #ither che WEIK or the douhle
EDZ accay can be misleading unless one is
clear about the rain variables involved.
Tahle 4 illustrates the point by showing gain
cempartsens al the 778-wavelength point
and the I-1/8 wavelength point. The arrays
show about 374 dB betler comparacive per-
formance at the lower height thai al the up-
per. OF ¢ourse, Bolh numbers are equally
wrong a5 single value comparisons. The
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comparisans simply are not transferrable
from one height to anather, Only compira-
rive graphing reveals the true piciure of one
untenna over gnathear, Even if we add the
qualificarion that 1he exact figurss cannot
urually be obrained in practics, mumbers
lead to expeclalions, and rational expecta-
tions require full explanations,

Z-element Yagi beams

A Table 5 chows, this srudy madeled
four Z-element Yigis to get 4 sense of their
2411 palternys with changing height, All the
Yagis in (s study wsed 1-inch diameter
alurtinum elements to simplify modeling,
The Yagis added & new specitication to
vheck: front-to-back racia, Soee may find
results of the modeling serprising; others
Tl (L4

O the four models, two used retlectors
and two used dicectors. The reflactor Yagis
included a close-spaced model (aboue 178




COMPARISON OF ANTENNA GAIN EXTREMES AT 2 SELECTEDR HEIGHTS

Hisghi Ciaim Liain Liain Lakn WEIK LES WRIK
Feul Wavelenyth THple EM ouhle Dmubdle {Iver hver iFerr
WHIK EDd Dipuwle Wijenle EDE
1 i a4 %1 BEH 1264 401 €7 2
LY 114 B.2E 17 12.22 1311 4.14 L L.23
Differenee in Gain Advantape e do Height Changs from 35 Lo A5 Texl: 0.TH dH 74 dl .85 AR

DEDE
ihver
EnF

.31 dB

Talle 4. Comparisun of aatenns guin exiremes at 2 sebeceed heiyhis,

wavelenpth) and a wide-spaced made] (a hit
under 174 wavelengih), The clase-spaced
model had been designed for a gamma
match by Bill Qrr, WeSAal, and showed
considerable capacitive reaclance, The wide-
spaced model proved to be a close malch
for S0-ohm coax, with a consedguent Tedue-
tion in both gain and front-to-back ratia.
The resylts of setting (he heams through
L-Foot steps appear in Figure 13, The gain
curves For both Yagls are “well-behaved,”
with poly small ups and dawng, Like the
phiased arrays, the curves show a relalively
steady inerease in gain with height {contrary
(o the collection of dipales). it's inleresling
to note that the small peaks for both anten-
nas oceur in the same place as those for di-
pules: about (.025 wavelength prior o 1he
578, 1-1/8, and 1-578 wavelength poincs
{25, 45, and 63 feel al 12 meters). Gain
maxima coincide closely with the lowest
values for the resistive pompanent of the
fredpoint impedance. However, the minima
oceur up to 3 feet earlier. Nonetheless, the
presence af 2 parasitic element appears o

pratect (he gain from much of the variation
induced in dipoles.

Fromt-to-hack ratio, however, i another
matter. As Figwre 13 demonstrates, both
Yagis show great fluctuations in front-wo-
back ralias as height increases, allthough the
maxima and minima deciease with height.
Roughly, the peaks and valleys occur at the
| /d-wavelength marks, Y2R-2, the $-obhm
madel with near resonance, more closely
hits those marks, while the heavily reactive
model, Y2R-1, leads by a consistent foot
{0,025 wavelengrh).

The director models of the 2-clement
Yagi were designed by reference w formulas
taken from Lwi different handbooks with-
oul regard to whether they wer good an-
tennas to build, Their averall gain amd
[romi-to-back racio Fipures compare favor-
ably with the refecrar models, bul matters
such as bandwidth were not checked. Boch
models dre Fairly close-spaced, wilh one cx-
celling in gum, (e olher in fromt-to-back
ratia. More importantly, one was signifi-
cantly capacitively reactive, the other in-

-FLEMEST YAGI BEAMS
Amcenng Dhesipwaror Vioderinl Elemesr  Lenpth Space v Free Spoce Charucieristics Suwrce
Mrescriplian Previnus
Flememt CaindBi F-RdBE R X
2alamenl Tagi ¥IR-1 Linch Al ne 178 [t 716 el 23 -7 0, L1290,
13 1 Rafl, Rerl. 1Lh feer 4.8 ferl po 3, saled
Joslemenr Yagi Y AR-2 I inck &7 13k 18.2 Tec i ded 2 .7 LI 403 AR, InEd,
DE + Hefl. Befl. 14 fex BJ [eel ool n
Tplener Yagi Y201 l-ircn Al Dir. 4.1 Feel . ErH1 WL 2.7 2.7 Rlib, 21 Ed,
DE + Lhr. oC Ik teer 4.K1 feet p. 29,4
Todement Yagi o TI0-7 ldinch AL Dir TH 51 far 7.2 4 1Ed M AR, IS Ed.
DE = Inr. a1 19 BH e 3.4 feer 17
Naes: 0 - 00 Mirgazine, Pacenghor, (990 ot 87 AR = ARRL Antenar Sook,
Mch Ed.; BAh = Radin Handbaod, 200 Ed

Table 5, *-Hement Tugi beams modebed in this dwdy,

11

Cnmmuecstions Guamety 65




&

e riELF B o

R e
O

Flgure 13. Goin and frontdo-huck miio versus beight for e 2-dement Yapls

with reflecrom,

SRS

ductively reactive. For reference and com-
parisan, Flgures 14 and 15 show [res space
patterns of Y2R-1 and Y21-1.

Figure 16 dizplays the resultz of muxleling
ihe direetor Yagis. Like their reflective cou-
5ing, 1hese anennas display well-belaved
gdin curves, with maxima and minima
closely placed ar the 178 wavelengil posi-
tions. However, the pain maxima and mini-
ma of these directive Yagis coincide directly
witls (he peaks and valleys of the resistive
component of the feedpoint impedance, in
direct pppasition tr both dipoles and 2-ele-
ment Yagis with reflectors. The Iagher the
wntenna, the more closely feod poine resis-
rance coingides with gain penks.

Again, like their reflective cousins, the
dirccrive Yagis show fronl-to-back ratios
that vary widely over the range of antenna
height. ¥2I-2, the significantly induclive
model. reaches ils peaks | o 2 feet ahead of
the pain peak. The capacitively reacrive

madel fends 1o be lale, reaching its front-1o-

-
f'-d-'- )
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tieure 14, Free space pattern [or YR2-1, a 3-elemvenl Yoyi with reflecior.
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back raria peaks after the gain peak. [n this
model, where the Teactive component is ap-
prumnahﬂ} equal [a the resistive compo-
nent, the frenl-to-hack ralio peaks comeide
aven more closely with the resistive peaks
than the gain peaks do. i the case of
¥2D-1, where the feedpoint Tesistance s
about 3 times the reaclance, the gain, front-
to-back ratio, and resistance peaks tend e
cluster together.

The most significant difference between
the ceflective and Lhe directive Yazis is the
position of the front-to-back ratio peaks.
Roughly speaking, they are aut of phiase
with each other. Where the dicective Yagi
peaks its [ront-to-back catia, the reflective
Yagi hits a valley. We may ignore gain,
which chanpes litle with height, but fike the
arrays, climbs slowly. A directive Z-element
Yagi will tend 1o show 2 beiter front-ta-
back ralio than its reflective cousin in the
following ranges; 25 ro 30 feet, 45 1o 50
feet, and 65 to 70 feel (578 to 374, 1-1/Rta

1-154, and 1-5/8 ta 1-374 wavelength high).
The reflecrive 2-elemett Yagi shinas at
under 25 leet, 15 10 42 feet, and 55 w0 62
feer {17210 374, 7/B 1o 1, and |-37Bto
1-1/2 wavelengths highy. These perfonmnance
nares, of course, are relative o the genera
pecformance capahilites of 2-lement Yagis.

3-element Yagis

The 3-element ¥ api holds the potential
far much superior performance with respect
to both gain and frooi-wo-back ratio. lothis
day of computer-oplimized Vagis, I had
some diflFeulty coming up with a variety of
designs to test. Table & shaws the thres
models used, The first, ¥3-1, is sealed from
an ARRL Anteang Book design. The sec-
ond, ¥31-2, uses formulas from an older
handbook and represents a wide-spaced
medel, The chird, ¥3-3, derives from form-
ulas in the ARRL hook, but strives far
equal ¢losc-spaced elernents, Figuee 17 pre-
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BS-25-195 2L.55 048 /

B ey
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Figure 15. Free spuce patters for VID-1, o T-element Vagl will director,
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sonis 4 free space azimulh pattern of Y3-3
[or reference, The three models together
yicld both higher and lower resistive com-
ponents o the souree impedance and hoth
inductive and cupacitive reactance, distrib-
vted among e various madels.

The 1-clement Tagi 5 & faicly complex
arlenna in terms af element interaction.
Many builders have despaired of having
gain, froni-to-hack ratio, and bandwidth
merge. {rther properties of the antenna also
diverge as one changes dimensions. Interest-
ingly, the model antennas tend to splic ae-
verding whether their elements are close-
snaced or wide-spaced,

Like the 2-¢lermnent Yagis and the phased
arrays, the pain of Lhe d-element Yagis
limbs rapidly between the 1/2-wavelength
height and the 3/ 4-wavelength point, as
shown in Figure 18, For models ¥3-1 and
¥ 3-3, the ¢lase-spaced heams, the gain con-
timwes to rise, changiog eoly in the rate of
ingreqse. The wide-spaced beam, Y 3-2,
shows an overall imcrease in gain, har passes
through peaks and valleys in the process, In
Tact, its 1apid rise phase is delayed by 178
wavelength compared Lo the other 3-element
Yagis, It would appear that wide element
spacing does n perninl the parasitic ele
mernls a5 effectively o isolate the gain from
the elTects of refecrad high angle radiation.
This condition is also confirmed in the vari-
ations of feedpaint resistance and reac-
tance, both of which vary by op Lo 20 per-
cenl, Lo contrast, the close-spaced Yagis ex-
hihit & tocal resistance and reaclance ringe
of arcund 1.3 ohms, which reduces 1o a
range of 1 ohuo or less alave the 37d-wave-
length haighe.

Turning to Fipure 19, we discover an ab-

verse condition in the front-lo-back ralios,
The wide-spuced beam, Y3-2, shows the
least variation in front-to-back ratio valucs,
although they are the lowest of the group.
The close-spaced Yagis exhibit significant
makima and oumreni, with the apliized
model, ¥3-1, showing sharp peaks just
above the pragressive half-wave Teighis, In
rerestingly, both the close-spaced beams
have front-to-hack maxima that coincide
closely with Lthe [eedpoint resistance maxi-
ma, while ¥3-2 shows & reasonahle coinci-
denece between mluctive reaclance masima
and front-to-back ratio peaks,

The complex interactions among the sle-
ments of these Yagis permit no ungualified
peneralizations. Element spacing around
I8 wavelength prodwces beams with certain
consislent characteriseics, but chose proper-
ties change as che element spacing ap-
proaches a quarter wavelengih, Whether
evern compuler eplimization can produse o
Ielement Yagi that perfarms consisrenrly
wilhy respect Lo gain and front-to-back ratio
at all reasonable heighes may boe douhiful.
The lesson, if any, is 1his: a beam oplicized
[or one height requires reoptimization be-
tore inscallarion ag anaother,

135-degree phase-fed
ontennas

Amn interesting class of antennas consists
of vea clemenrs, the rear of which is fed
135 degrees out af phase witl the front,
Standurd element spacing is 178 wave-
lengch. Traditionally made aof rwinlead cle-
nmeerils with a twisted 178-wavelength twin-
lead phasing line from the fronc element,

FELEMENT YAGI BEAMS:
Anlenna Dexignator Muoteriol Elemenl  Lengith Spuce tie Free Space Choracierislics Seiip e
Thescriplion Preskous
Elemeni Caln dBi FHAK K X
F-element Yag -1 T-mgh A Ly, 1.4 Tee) T.H5T i H#8 -79% AD I6LCd,
hiwndbaok IE 0 feel 4 feel molna
demign Redl LG Teel Gl faer
i-elemenr Yagi il Linck A1 Diz. LEL Tee Hond' TR O3 443 Kbk I E4,
LZF mavg- LBE L5 fecr 388 oo IR
lengLh Bef. IO feal 9 8h [=ar
F-clemwent Yagi 13 I-nch Al Eha, 18,44 [l R.I7L 120 B8 ¢ 1l4 AR IKFd,
15 wave LC 1905 fear 591 Feer p. 11-11
lergrh Rerfl.  TLHH Tepr 5 UL Fogn
SPRRCINE
Mares! AR = ARRL Aneiiia Haok, Nk bd 0 ab — Fidio Mencliook, 2 Cd.

Fable &, S-demenr ¥ogl bheams madeted in 1his sinds,

TR ieeg
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these are the notorious £L-5pecials. They
come in twa varieties. ELNEC originator
Roy Lewallen, WTEL, creared his Field Day
Special by using two clements of egqual
length. Older FL-Special designs tended to
make the rear element langer ta oplimize
gain and fronc-ta-back ratio, A typical Z1-
Special free space pattern appeats in Figure
0, Both models appear in Table T: the
WTEL model (scaled) as FDSP, the alder
moedel as ZLSF.

In madeling the ZL-Specials, T followed
the Jead of ELMECs originator and made
each element from a single fal wire, 0145
inches in diameter. This simulates the thick-
ness of Lwinlead without the &iffGeulties in-
herent in directly modeling closely-spaced
paralle] wires. However, the resuliant foed-
point resistance and reactance values will
nor be those associated with twinlead muod-
els. The patterns of rise and fall, if any, will
paraticl twinlead values.

In general, the Field Day and ZL-Special

=B

Cam oo R
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Flgure 17, Free space patiem for ¥3-3, a declemend Yagl wirh 8,15 wavebength clement spacimg.
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Flpare 16, Ginin und front-tu-beck o versus helpht for dwo 2-element Yogis
with: Hrclors,
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varialions have [ittle to distinguish them.,
The traditional ZLSF shows a marginaliy
higher gain and a seeminglv significant in-
erease in Front-ta-hack ratio ar any height,
bt rhat is an anitace of comparing an
idealized model to 3 scaled actial anlenna.*

TR e 3 peo e vigralie < seabianing Fidld Dy acd <1 Spesal
b=l es g egand 1 uzcaal cloem ege. s keng as the depieiis
e [oldd dizaes. e program sidds 2emen cerme ciigukatici thae
R NETY s, A% s e b dlual ke ne e renl greasarankeain,
Hicwerk i renivious o the (s ihe, whik 08 Guy nees cbmnaie ks
Tilimdeay wmes ul AR SORNNETGE, desseaies FUPRLL Soecmins
hEask "o COTIRST 00 I <0 T i i chesr oo pres-
sen EeEsrnance (han ol s o e mda aluacs

ellock Safe: b

Frv

2405 W

- 1
WA i}

0370 T T TR R R
HEE GRS

BHRITH N ATE
Ertera =gt n Far

Tigure 1. Froar-o-back ratie voristions In Vagis ¥3-1, Y31, and VA3 from 20

1 70 [t beights.

[

16

Moreover, [tont-to-back salios higher rhan
aloul 20 dB may be of little use unless an
wifending station is aligned directly to the
rear of the antenna. ZL-Sperials show twao
rear side Tobas, down about 20 dB lrom the
rain forward lobe, The caloulated front-o-
back raticr affects only the midpaint of the
rear lobe, pulling it inward at higher values,
The rejection of most rearward QRM is
rnost likely 10 depend opon the lobes and
lezs likely to depend vpon the peak front-Lo-
back ratio Mgures.

Monetheless, 20 dB of rearward rejection
is adnurable not only for a 2-clement Deao.
bul for any 3-element beam as well, 1n
crawded bands, the rejection may be more
important for some hams than the half dB
gain advanlage offered by the 2-clement
Yapd. These mush neglected antenmas very
likely deserve more attention than they ey
renrly receive, even if construction recires
more ingenuiry, Special atrenrjon is peeded
on feed melhods to obtain Lhe proper phas-
i, Models suggest Lhat performance does
oot gignificantly suffer as (he phase angles
tnove from about 130 degrees to neacly L40
degrees. However, achieving even this
bBroad condition ar less that the high imped
ances offered by folded dipole construction
seerrs Lo bave cluded the literarore. Mever-
Ltheless, cven i the abstract, these are in-
teresiing ancennas o maodel.

Both versions of the ZL-Special ceverse
the patrerns of gain and front-to-back ratio
affered by che 2.element Yagi, Whereas the
Yagi exhibits a well-heliaved pain curve, the
gain of the ZL-Special resembles a dipole
with 2 rising gain figure, as Figure 21
shows, Peaks and vallevs oeour ac ihe same
heights as for the dipole, and in about the
same ansount; the 1.1 to 1.4 B renge. Gain
in buth models appears to he roughly in-
verscly po-variant with the fesdpoint reqe-
tance. [nconrrast to che 2-element front-fo-
back ratio curve, which shows semi-sinusoi-
dal characreristics, the Z1.-Special front-to-
hack ratio curves (Figaee 22) arc coarser,
but upward hound. Model ZTEP shows
some naticeable peaks and valleys which are
imeuich Mattened in the FOSP ¢urve. None-
theless, no decline goes mare than 2 fourth
ef the way down to the preceding valley,
which makes the dips of livile design con-
tern. The eraggy or erratic nature of the
small sleps in the curve make corrdation
with any impedance factor more speculative
than cerrain,

The use of 135-degree phased Teed sys-
tems for glements spaced 178 wavelength
aparl does not guarantee a smaooth front-to-
back ratio curve. As 3 desipn exercise, [
made up a phase-fed double exrended dou-
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ble Zepp (DEDTP) af uncqual elements.

The calculated guin of (he anlenna appears
in Figure 21 with those of the ZL-Specials,
The curve parallels the lower curves in just

hhe way in which the EDZ curve parallels

those of the dipoles. The maxima and mini-
ma appear a foot or teo Jower, which sug-

pesls a hugh value of capagitive reactance at
the feedpoints, verified by Table 7. Like che
ZFL-Specials, gain appears to be roughly in-

FLAE g 2490 iz

sight ve -2 D=ca 1B wavelengtn

FoH Rolo o o

I:w:
’1;_1-:1 74 7E 03

e e et
BE R AT G 3:.31:,9114'4*4"4!’4
Al Heght m Tl

Flgore 22, Froni-to-back ratla varigdoss in 135-degree phase fed-untenmms
FDSE, £15F, and DFENEp from 20 vo 70 foad heighis,
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versely co-variani with feedpoint reactunce
(when we treat the values as negative num-
bers 20 that the least capacilive reactance is
a maxima; that is, the most inductive reac-
tancel. Unlike its ZL-cousing, DEDZP does
not exhibit a smooth front-vo-back ratio
curve; o Lact, just the opposite, The sharp
peak values in Figure 22 are exceptions, and
the maore average value is somewhat helow
the values for FDSEP,

O the assumption chat one can build and
feed this antenna, perhaps its most signifi-
cant nse wonld he as a fixed wire heam sct
ar a height to mazimize fronc-co-back ratio.
The high capacitive reactance of both ele-
menes strongly suggests & narrow band-
widih, and its patreen, shown in Figure 23,
noints Lo & narrow beam width. However,
1he multiplicity of side lobes limits absolure
tejection of (QRM. As 4 passing note,
DEDZP derives from a parasiric version de-
signed by Drian Egan, ZL1LE. 1| has simi-
lar gain figures, but requires an inductive
load i the reflector, That Tactor, which re-
quircs optimizring at cach height step, £x-
cluded the ZL1LE anienna from this study.
However, for raw low-price gain in a fiaed
beam, rhese designs arc warth considering.-

Celta and quad loop antennas

The last group of basic ham antennas in-
sludes defra and quad loaps, | have incled-
ed & single delta and a single quad, <ach
madeled as a parasitically fed and as a
phase-fed beam. N iz short and simple 1o al-
ter the feed system in compuieT antenna
modeling: it is the initial mutual impedance
calculations that take 50 loog. Had [ used
fully tapercd elements to provide the mast
accurate dimensions and impedaoce [gures,
the task would have required aver 7-1/2
heurs per antenna, 1 cur that to about 3
hours er antenoa by using substitute de-
signs with fewer segments per wire. 1 al-
ready had a collection of quad and deliz
loop designs modeled 1n Fully tapered form,
but only for 7 steps between 25 and 35 teet.
I chose the substitule designs with larger
clement dimensions For their relative coin-
cidence of [ree space values and the accur-
acy af track with the tapered antennas. The
delia loop mode uses § segments per wire,
while the quad model uses & segments per
wire, The cesulting patrerns can be used
with confidence, but the dimensions may
not, Table 8 lists bach the substitutes and
the their more sccurate models. Mote that
the designs were selected for their close ele-
ment spaciog and for resonance. A further
difficulty of madeling loop heams is thac
miost builders design them for field adjust-




eient af fhe reflectior. That element is there-
fore normally 1o long (capacitive adjust-
menth or toa shorr {inducrive or fald-back
adjustment] lor cusdeling withoul optimiz-
ing a load for every ane af the 31 heighr
seeps. The ooly peneralizalion 1 have noged
it my modeling efforrs is thar rhe tradition
al clement fermulas of 1005/ and 10307
never appear in the same antenna. A com-
parison af Q-1 and D2 in Table 8 iTlws-
trates the point.

Delias and quads present special prob-
lems For analysis. Retlectied high angle radi-
atien must intercepl multiple elements at
differcnr heighes, Tndeed, determining the
leight of a delta loep and a quad is isell
problematic. For convenience, 1 vsed the
boomm or hub altitude. The quad baon s
vertically centered berween elements. Howe-
ever, [akeofT angle readings suggest thar the

effective center of radiation is about a toot
or (.05 wavelength higher, Had 1 used rhig
bieighe, takeoff angles would have coincided
closely with those for 2 and 3-alement
Vagis. Using the hoom-hub height vields a
takeaff angle lower Lhan that of compar-
able antennas.

The sitvation is somewhal simpler for the
delea loop. I ooe uses spider conserusrion,
with the triangle apex at the {op (which 5
also the feedpoint], then the hub is abae
1/3 the vertical dimensicn af the antenna.
Using this figure, | found chat takeoff
angles paralleled clasely with those for
Yagis, DufTerent construction methads, of
course, will result i different relationships
between Lhe boom and che antenna, Because
there is little difference in the patterns of 5
delta and o gquad loop beam, Figure 23,
wlich shows the froe space pattern of Lthe

DELTA AND QUAD LOOP ANTENNAS: (all antennas ose substitute models)
BT Pesignaner Material  Element Length Lpaec i Free Spave Characlenstlos Soarve
Dhesewiplinn Prevbums
Elesneni  {inlm dBi F-BdB R X
2-glemenl Gruad QU3 S1E Cu DE 1Al e TR 6 WAL d.1 Expermental
| pered Kefl. 1L e 540 fenr
slemsenn wedel]
I rasitic
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Zezlemens LJund TR LIE A DE (i3 fear) o | a8 s 43 Eabsliiuie
18 wpioends RKefl.  idi.=y teer B0 micdal For
wime mnidel ) -1
EETN B srgimenLs”
e wire
Declermenl Qe QP34 MLECu DE =1 A0 Fesrh e ik 1 RIS 1.0 Subsittai=
A6 wegrenLs efl. 1L 88 ey S0 leel -11 - 44 madal
wire medelj for 0
135 degree g wnenls”
rhise fad wire
I.alemeanr .-z E{ERAT (k] .28 e TN (X " 4.7 Expermenral
Ehaila Loep Refl. 40,88 faar =0 S Chestgn
| tepered ImEAT,
wlensent niksdel) 1145 7
Irbrisitic suasLitule
vitlnes shnwn) higlivar
2 elemeni [l-2 L4 LS 17K i A0 feery ] 8.1 a8 - |7 Zubslituce
Liclta Loop Rell. (43,26 Fepl) a0 Far mads)
15 saoznacnls I DL-2
wire mingdel} & sEzmenrss
peEr Al Wi
feed
2lement DLP A NLECE i 14130 Fegr) 6067 T Iz - 25 Substliluce
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Toble . Deeltn and quad lisip untennas modeled sn 1his sy,
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Fipare 23. Frec space patiern For D1-24, @ 2¢lement Delon Loop beam.

suhstiture delrta laop, will suftice for bath.

The gain af leop-based beams shows a
mare rapid and steady climb than those of
Yagis, bul with distingt maxima and mini-
ma. Among the antennas, therz is liftle to
choose, as the intertwining curves of Figore
24 demonsteates, The higher pair of curves
belong to the quad. They are notable only
for the Fact that the phase-Ted model
manapges Lo exceed the parasitic model in
peak values at gain maxima. The differenc-
es actually make no practcal difference.
Maxima and minima positions ceincide with
those [or dipoles but depart somewhat from
the corresponding maxima and minima of
the fesdpoint resislance,

Perhaps the most imparntant fearure of
Lhe gain curves is the manner in which gain
fallz off helow the 3/8 wavelength podne.,
The reputation of the quad and the delta
lpop 15 that they are relatively immune (o
detuning by nearhy objects and the ground.
This repucation does not extend o gain. Ad

20

mounting heights below 578 wavelengih. the
loop beam [oses ics advanrage over a 2-ele-
ment Yagi.

With respect to front-to-back ratios, bath
the quad and the delta loop displav very
peaky patterns when parasitically fed, Tha
rwo [ower curves in Figure 25 show peaks
similar ta those in the DEDEF pattern, The
quad shows an upward displicement of its
priks and valleys that appears maore signifi-
cant than it is actually is: the displacement
would seem less had the peaks been Less
sharp, Tn the case of both antennas, how-
ever, the front-to-back ratio, even in the
vallays, rivals that of a well-designed 3-ele-
ment Yagi.

Some designers have supgested that guad
pecformance might be improved by phase.
feeding the rear element in the manner of a
£ -Special. The upper curves of Fipore 25
show the improvement, were such a feed
syslem to be feasible. Although the phase-
fed delta loop beam dizplavs inital ' “peaki-



mess, ™" it tends 10 level off at the 40-foor or
1-wavelength mark. The phase-fed guad s a
paradigm of 4 weall-behaved frant-to-back
curve. Mevertheless. as in the case of the
ZL-Specials, (here mav be a limit as to the
wsahility af extreme front-to-back ratios m
antennas with rear side lobes. The Inbes
wbay betrer mark che limits of effective
QRM rejection than the tiny but deep inset
of the [80-degree [Tant-to-back paint.

If MINTNEC programs or compulers be-
come more efficient or mare awcamared,
Curther siudy of loop beams is both desir-
able and necessary. A single model of each
Lype al Jaap heam is insufficient to certify
the patterns as reliable enough o wse. In-
deed, one should at least double the number
of antenna models used in this study befare
counting its results as more than prelirminary.

MNewvertheless, if this study has brooght
ahout an acquaintance with and an appreci-
alion of the ways in which antenna per-
formance changes with anlenna height, then
it hias been worth the time and snergy. List-
ing antenna specifications accurately and
comparing them sensibly have always been
arduous and Lricky 1asks. Unforounacely, |
have the feeling that these soes may make
the tasks a hit maore ditficult, even if the Te-
sult is a more rational 20 of expectarions.

Appendix 1: Take-off Angles of
the Modeled Antennas

As noted early i the reporr, all antenna
data collected refer ta the lowest main lobe
of radiation. As (he height of any harizon-
tal antenna is increased., the angle of maxi-
mum radiation Crom this lohe decreases. At
ihe lowest heights investigaded, anleni pat-
terns shiow @ single Iobe (as viewed on an
elevation plot beeween pround and 90 de-
grees slraight up). As antenna height in-
cieases, ocher labes appear—while the [ow-
cst lobe grows narrower. These multiple
lobes may give an antcnna ae a st height
good perfarmance on bolh long skip parhs
and shorler domestic ones.

A full discussion of amtenna levarion
plats would unnecessarily lengthen Lhis re-
part, and several studies already axist.
However, a5 an adjunct to this reporl,
Tahle 9 reports the take-00[ angles of the
lowest main lobe for the antennas investi-
gaced. Antennas were grouped together if
they varied from the stepping points in ne
more than 4w places, To keep the table
from becoming a mere morass af numbers,
1 have mcluded only the angle value when it
firse appears as antenna beight incredses,
The blank spaces bencath 8 number have
the same value. The actual angle decreases
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_smaaihly: the seepped appearance of the

columins is an arifact of giviog the angle
value in integers.

Abave three-quarters of a wavelength,
the actual dilference in the take-off angle
among the different antennas is guite small,
The dipoles, the 2-slement Yapic, the
| 35-degree antennas, and che delia foop
shonw i close coincidence in their values, as
da rhe 180-degree antennas, the 3-alement
Yagis, and rhe quads, The angles shown for
the delta loop and the quad are functions of
thedr mounting points, as descrihed ahove.
Monetheless, the differences betwesn the
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twea proups are too small at higher mount-
ing points (o0 make a significant difTerence
in antenna choice,

Mare significant are the diflerences in
takeufT angle Tor Lhe lowest heights investi-
galed, Ar 171 wavelengrh {aboun 20 Teel ar
24,95 M Hz), the 4 deprree difference be-
pween A dipale and a 1-element Yagi or a
2-element guad may maks a sigmlivant
difference in long-range performance.
Howewer, inall cases, the lobes show con-

siderable power radiation above and below
the angle of maximum radiation from the
lobe, In addition, evalvating a proposed
antenna and mounting hkeight requires that
anc consider 3 number of ather variables,
such as the desired type of operating, the
overall azimueh and elevation patrerns, and
the ability to install and maintain the anten-
na. | have added these notes anly to verify
the validity of comparing the amennas
models investigated and to give a general

TARE-OFF ANGLES FOR THE LOWEST LOBLE OF SEVERAL TYPLS OF AMTENNAS
Take-aff Angle in Thegreas
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Table 4. Comparisvom wl aalenna ke-off angles Tor selecied anténaas,




impression of how take-off angle varics
with anlenna feighr.

Appendix 2: Size, Sail, and the

Limits of Extrapclation

As briefly noted in Lhe text, the ability
extrapolace the resulfs of chis study e
generalities aboul all HF antennas,
whatever [heir rype, is limited, The pacterns
are reliahle at best aver the range [Tom 14
to 30 MHz, and only if ooe assumes an
phsirucrion-free calerent medium or
averape eacth hencath the antenna.

Perhaps the most obvious limitation 0
extrapalation is that antennas below 20 me-
1ers and above 140 meters rarely hit the le-
vation range used in this study, The lowest
fimit, 172 wavelength, is above 140 feel ai
#0 meters and T feer at 40 merers. Like-
wise, 20 [esi is alrcady prealer than a wave-
lengeh at & meters. Hence, for bands cutsids
the upper HF frequencies, the study docs
not caver typical antenna heighes.

There are also limitalions imposed by the
assumption ol a ¢coherent medium or aver-
age earth heneath the antenna. Averape
carth is sometimes defined as having a con-
ductivity of 5 milliSiemens per metee
(m&s M) and a diclectric constant of 13,
These figures represent the default values
used in ELNEC 2.21, which aulomatically
takes into accouwnl modificarions o antenndi
palierns ¢reated by soil conditions. One
may choose otbier soil values most like one's
home QTH hy madifying Lhe ground con-
zrants in the program. Figure 26 democo-
strates the changes in values far a half-
wavelength dipole cecasioned by selecring
orher carth censlants. Included are perlec
sail, very gaad soil of a rich pastoral narure
{C =30.3 m&Am, DO =200, medium or aver-
ape spil (=% mi/m, LM = 13}, paor sandy
w0il {C =2 m&sm, DC = 10}, and very poor
industrial city soil (C =1 mS/m, KZ=73).*

The only significanl ¢hange among the
lines is the main value tfor cach given height.
For a selecred frequency, in this case 2493
&Hz, the masina and minima of gain ap-
pear @l [he same heights above ground. As
the soil grows poorer, the lake-off angle of
the Jowest fobe of radiation decreases slight-
Iy tor any elevation, but above 578 wave-
length, the difference 15 always less than a
degree. The decrease in gain more than aff-
sets (he seeming take-of] angle advantage.
From Lhe comparison one may cenclude
that soil type, while affeoring antenna gain
ut any height, does oot allect the trends
under study. MNonetheless, precise analysis
Tar any parcicular site will require, for pre-
cision, replication of the cxercise.
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Figure 2. Cigin vorigibnms in half-waselength dipoles over various Lypes of
groairsd Tram 20 1o T Mool keipha,

Lo addition o the dillerences accasianed
by s0il rype, we must rake into account the
varving characteristics of soils inany 1vpical
site and che degree to which sntenna cur-
cenils peretcate the soils, One standard by
which penetration is measured is skin depth,
which increases as sails grow paorer. 1o the
upper HE range, penstration deplhs ta the
standard measure vary from § to 6 feet for
very pood swil to nearly 40 Ceel [or very
poar soil. Comscquently, scratching the sur-
face 1o ordinary garden depths is insuflici-
ent to analyze the soils underlying an anten-
ni svsten, Too, the assumption of coherent
soil of constant characteristics is usually wi-
wirranted Ly subsurface conditions.

Trealing the sail as if it were a conductive
surface rather than a medium is (hus dan-
gerons helow rhe WHF range. Moreover, the
degres of penetration increases rapidiy a7
MHz and helow. Although the effects of
ground differ according 1o the polarization
of antennas under investigarion, ir cannof
he ignored and becemes very significant
from 160 throwgh H meters. Exerapalaring
the rosults of this study to the lower HE re-
gien 35 thus 0ot resammended, Rather, the
study should be replicated tor those fre-
quensy ranges.*
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