*#% THE SUPER SIGNAL SKATCIUER!!! %%»

A NON-RESONANT LONGWIRE REMOTE
FROM EARTE GROUND
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. Otherwvise known es the terminated Beverege sintenna, this super signal snetcher can
be erected witr very little difficulty provided sufficient land is evailable. In recent
years, BCH Diers have used this type of antenna end their very out-of-the-ordinary
recertions have teen listed in both DXN and DXM.

The purpose of this article is to present e bit of tne theory of operation (sim~
plistic), to present some "papervork' evaluations that can be made for performance
estimation prior to constructicn and to describe one menner of construction which has
prover. guite prectical.

“he configuration fcr this antenne is very sirple: a long long wire is erected as
clese as possible to a given fixed height above the ground and run as straight as poss-
ible in e given direction. Two views are-shown in Figures A end B with length of wire
L (feet), height above grcund H (inches), wite diasmetér D (inches) and orientation fer
reception of signels from the general directicn of A® ezimuth.

Bidirecticnel operation can be had by removing the resisicr R at the expense of
directivity and hence gein. However, unidirectional operation is assumed here as it is
most likely the desiratle mode of cperation.

Almost all sntennas require & ground plane of high conductivity for greatesi per-
formance and belong to the huge general classification of E-field antennes-i.e., the
most important cozponent of the electromagnetic (radio) wave is the electric component.
The loop antenna, on the other hand, is about the only H-field ?mm;nﬁ.& antenna in
that, in theory, it derives its performence from the megnetic component.

tonsider Figure C. A wavefront W trovels in the forward direction of W (the point-
ing vector) vhere W = E X H, W is normal to the plane fcrmed by E end H which are them-
selves normel to each other. As this wavefront passes zlong and ebove the ground (earih)
plane G, E can be brokern into horizontcl (ER) end vertical (EV) components. The vertical
component irduces no currents in the zntenna but EH does so that as the wavefront travels
along the pzth of the entcnna end the finite ground constants ceuse W to tilt more and
more towards the vertical and thus E toward the horizcntel (hence decreasing EV and
increasing CH--desirsble!), the greater the “signel® induced in the antenna. Ground
with poorer electrical properties tilts the wavefront more than earth with good electri-
cal parametcrs. Hence, the Beverage is expected to perform better over poorer ground--
exectly the opposite of what one would naively expect! :

The directional properties of the antenna can be expleined in the following simple
manner: In Figure C, as depicted, W is progressing from end A to end B, #0 if a RX is
connected between B and ground (earth), the "signal" EH would eppear at its antenna
terminals. If the .ix were replaced by a rcsistor R of a certain velue, the "signal®
energy would be alrmost entirely dissipated in the form of heat. Suppose now end B was
not connected to either R or a FX ard was left "floating"--not connected to enything--
and a RX was connected et end A to earth ground. The "signal" travelling frcm A to B
would "run cut of vire" (see an icpedance discontinuity) and it would be in lerge part
reflected brck along ihe wire to arrive eventually at A s input to the RX. Thus, with
B "floating", vavefrcnts travellirg fro= 4 tc B &rd froz B to 4 arrive at the JX--
bidirectional cperaticn. To réstore unidirectionel operstion then, ik &t A, & resistor
is pleced at end B to creundsthus proszing sle wavefrcnts passing frem £ to 3 but
allouing those from 3 to 47 to arrive &t the R, That is, in tne unidirectional |
(That is, in the unidirectional) mode, the antenna receives best from the general
direction the antenna is "pointing"--the direction of the large arrcw in Figure B.

As 8 point in terminology, this type of antenna is often referred to as & travel-
ling wave (longitudinal with the wire) antenna as opposed to the much larger clarsifi-
cation of standing-wave mode antennas.

To be correct, the termination required at the remote or far end of the ertenna
is not purely resistive so perfectly a network is required. However, it is not
practically possible to totally terminate the wave progressing along the antenna to its

remote end because the components of this terminated network depend ':pon the distrib-
uted ‘parameters (constants per unit length) of capacitance, inductance, resistance ari
conductance, several of which vary with frequency so that the characteristic impedarce
?unE.SpSo: required) varies somewhat with frequency. HNevertheless, for almcst all
BCB applications of the Beverage, a simple fixed value resistor will suffice quite
well. {Note: there is no great practical reason why RXs-possibly in conjunction with
a modified value of R-couldn't be cperated on both ends of the antenne thus DXirg both
directions simultaneously and each in the unidirectional wode. )

The value of the terminating (carbon) resistor cen be well approximated from the
following simple equation (for an infinite highly conducting wire above an infinite
infinitely conducting ground plane), viz:

R = 138 log), (48/D) ...ohns

where H is average height above ground and D is wire diameter. Units for D and H are
unimportant es long as the same measure is used for both. Several DXers have proposed
the use of a carbon base potentiometer (varieble resistor) at the termination to be
used tc "tune" the system--it is thought that this will not likely prcduce noticeable
improvement in performance., Table I lists values for R at most BCB epplications of the
Bevernge--standard resistors within 20-40 ohms or so of the table velue should work

as well.

Most likely the gréatest factor of importance in the performance and constructien
of this antenna is that of the earth ground at each end. Here lies the dilemna: the
poorer (electrically) the soil the better the expected performance of this antenna,
but the more difficult it is to obtein a good, highly conductive, eerth ground. How-
ever, in any csse, the larger the metallic surface area in contact with the eerth 1 the
better the system ground, Multiple ground rods as well as ground screens (e.g., 2"
wire mesh) buried under the earth are not to be overlooked!

-~ 'he theoretical patterns of e terminated Beverage are of interest in approximating
its performance in the field. Although the discussion here is restricted to the
entenna in free space (i.e., infinitely remote from o ground plane) wien cemputing
patterns, the patterns so obtained can be used with the ground plane present by
accounting for certain "most likely" pattern perturbations such as elevated vertical
directivity. The equation for such a terminated Beverage is given below under the
assumption of & simple current distribution along the wire when the antenna is in the
active (transmitting) mode and then appecling to the Reciprocity Theorem for the
passive (receiving) case. It is of some musing interest to note that almost all
antenna work by electromagnetic-mathematicians resort to this type of analysis. {GEi
on loops has done the more difficult problem of passive enalysis and his work is quits
exceptional in the field of electromagnetics!)
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where K is a constant depending on parametera of little interest here, ([ is the argle
mecsured froc .the wire as in Figure B and L® is the length of the wire in wavelengths
at the frequency of operation, viz: 1* =360 L \,.,wg«p 0.3661L

where f is the frequency in mHz and L is the antenna length in feet. Since the inter-
est here is in the relative performence of these antennas for different lengihs L at
various BCB frequencies f, the only fector of interest in the above equeticn is:

R e =T

vhere the factor (1/C) has been added to rormalize the patterns with respect to & spe-
cific chosen pattern for the purpoce of ccaperative snalysis. It is suggested thet for
the shortest length L and the lowest froquency f, that C = 1 for the calculation of this
“initial” pattern. Then in this "initial" pattern find the maximum value of A, say AN,
and set C equal to this value. Then divide all values of this "initial" pattern by C

80 that its peximum value is now 1.0, For all subsequent patiemms, C = AM. Calculations
reed only be made for the range 0°Z% (0 £ 180* since the patterns are symmetrical
ebout the axis of the antcnna wire.

E=K mv/n @ M miled

An antenna pattern is inherently three-dimensional! In elmost all pattern plots
(save for the siereographic projections, for exemple) a plane is passed thrcugh the
pattern and contours (pattern projections) are then plotted in that plene. The usual
planes are the "horizontal" and “vertical® plenes scmetimes meesured with respect to the
earth, socetimes the antenna or whatever else is hendy. Figures D and E show this pro-
cedure for a loop antenna. The three dimensionel pattern of an electrically small
perfect loop is a "donut" with a pinhole center. Figure D is that pattern traced on the
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plane pessing through the plane of the loop ard Figure E is that traced on the plane
rormel or perpendicular to the loop--the apex pattern BC3 DXers strive for! The termi-
neted Peverage has a pattern symretrical about the entenna wire as shown in Figure F.
The three dirensional pattern is thet envisiored by rotating or revolving the plotted
pattern about the wire axis to forz "cones" of radiation/reception ebout the antenna.

Beverage antennas in practice actually do not zssume their cheracteristics until the
length of the wire becomes significant witl. respect to wavelength--even tho patterns can
be calculated for any length. For this discussion we shall restrict our attention to
L°® = 0.5 to L® « 4.0 wavelengths. The wevelerngth ¥ in feet for any frequency given in
nHz ie conputed from W = 984/f. Thus, one vevelength et 540 Kiz is 1822 feet while one
wavelength at 1600 kHz equals 615 feet. Table LI gives W in feet as a function of £ and
L*, A few ccmments can be riade abcut Beverage patterns in general. There is a lobe
(peak) for every half-wave length in the wire and if the number of half-wavelengths is
odd, then there will be a lobe at {0 « 9C°, i.e., at right angles to the antenna. There
is only one major lobe (showr. es two such lobes in a planar vaumnnwoav and this lobe
tends to "fcld™ toward the vire exis es the length of the antenne is increased. The
length of the vire for the lolte to fall within 10-15° of the wire axis is much too long
for eny practical consideration lere. 'hen L* = 7.0, the major lobe has its maximum at
19*. Alsc it is clear when observing the patterns that as the wire length increases with

respect to wavelength, the number of lobes increase and their corresponding widths decree:

Reviewing Fatterns I-VIII, hond drawn {rom computer evaluation of the above equa-
tion for & with !) renging 0-180° in 1° increments, which show estimated practical per-
formance in the horizontal plane with ground, one must remenber that the pattern of the
antenna changes with frequency so that as cne tunes across the BCB the "big eye" keeps
changing its view. For example, an 1800' Beverage essumes the basic pattern of Pattern
11 at 540 kHz and as one tunes toward 1600 kHz, the pattern continuously veries from
Pattern II tc Fattern VI. llote that the ipatterns plotted are taker in half-wave incre-
ments {solely for convenience here) and only 0-180° of each pattem'is drawn. Also note
that liother Neture's Fundament: "You Can't Have Your Cake and Eat it Too" holds: viz.,
as the major lobe becomes more directive, so the number of side and back-lobes increase!
Thus, althougn the Beverage hns tremendous “forward" gein compared to the side and back
lobes (even ccre so when compared with a wooﬁ:_v these minor lobes are significant when
compared witn, say a loop, so that one should not expect “super" suppression thereabouts.
The usual BC3 pests end dominants still show btut stations comipg in off the raif Ycbes
may well override them--they therefcre do not retain their stctus as doxinants end pests
in meny cases! Also note that a pattern such as Pattern II may, ir practife, perform
better than cre such ks Pattern VIIT because the sidelobes are not as nurercus thus
suppression over wider arecs Or arcs of azimath although the 2ajor lobes differ

The size of the wire used IS importeant in the sense that the larger the wire di-
ameter, the smaller the RF resistance per unit length. RF resistance represents ener:y
loss in the systen and destroys the patterns by reducing the null depths significantly
between lobes as well as distorting lobes, especially the major one-~-Figure H, The
longer the wire the greater the RF resistance &o once-agein Mother Nature strikes: you
obtain significant increase in forward or dain lobe-gain/directivity at the expense of
getting more side and back lobes and increased RF resistance tending to "smear" the
entire "tailend™ together thus alloving much BCB to leak in on the sides and back.

Too, the larger the wire dismeter, the more resistant the antenna is to wire breakage.
For those interesting in approximating the-RF loss resistance, the following formula is
spplicable to copper wire: RL = 1.02 (L/D)-Vi~ /1000 ...ohms, where, as before,

L is the antenna length in feet, D is wire diameter in inches end £ is frequency in
nfz. For example, a 3200' Beverage made of 24CGA copper has an RF resistance, 3L, equal
to 162 chms at 1000 kHz while the #ame antenna made of 1BGA copper has RL = 81 ohms a%
1000 kHz. A measure of the RF efficiency of this antenna can be made from the follow-
ing formula: Eff = (100R)/(R+ RL) ...%. With R = 560 ohms, for example, and the
3200 Beverage above using 24GA, we have Eff = 76% while the same antenna using 16GA
renders Eff = B7%. Power loss is directly proportional to the &F recistance.

Table III lists some useful statistics. L°® denctes the length of the entenna in
vavelengths, \)# denotes the azimith angle at which & lobe maximum occurs, E* is the
magnitude of such a lobe referenced to the meximum lobe for L® « 1.0 thus giving a
comparison of these antennas as their length is increased, dB* is the correspording
pover gain of such a lobe, again referenced to the maximum lobe of L° = 1.0 and 4BL is
the amount of “suppression" the sidelobes (for fixed L*) have with respect to the major
lobe for that specific pattern. Table I1II lists these parameters for L* =« 0.5 to L* =
7.0 in increments of 0.5 wavelengths. More comments cen now be made. Note, too, that
if L is a multiple of en even number of half-wavelengths, then there is a null st {{ =
90*. The angular compression of the lcbes is clearly shown. The separations between _

lobes at L® = 2.0 are 39°, 29°, and 32* while for L* = 7.0, they ere 19°, 12°, 10°,
9, 9+, 8°*, 8°, 8°, 9°, 9*, 10°, 11°*, and 15¢, thus showing the "clutter" of lobes for
large L*. The size of these sidelobes for large L° is also significant, e.g., for L°
-« 7.00 * = 86° E* = 0.55345 or more than one-half the major lobe of L* = 1.0.
Thus, "bigger" is not necessarily "better"!

Finally, an essential point in presenting this writing is to give the BCB DXer
knowledge of the general behavior of a terminated Beverage so that he can erect such
an antenna attempting to orient it in such a way as to optimize itas use for his pur-
poses—e.g., aligning the "pests" end "dominants” as close as possible to the completed
null areas with the understanding however that the “powerhouses" aren't likely to be
"wiped out” but they can be “knocked down" considerably. The essential point to remem-
ber is that the arguments given here are an approximation to actual field performence
and that Figure H should slways be kept in mind!! TFigure G is also important to
remember beceuse the pattern of the Beverege is three~-dimensional and a "cone" about
the wire axis so that reception directly "off the end"™ of the Beverage is to be expectec
though the horizontal pattem plots_show no responsie there! --de Fish, Ph. Ix

Project NEBE (NEbraska BEverage) vas started in October 1972 here in Nebraska with the
blessing of the University of Nebraska and is carried on solely for the analysis of ;
the Beverage on the BCB! "It will eventually involve analysis of TA/TP paths through
the polar cap/ring. One square pile of land is dedicated for this single project for
an indefinite period of time. Numerous Beverage antennas will be constructed and
evaluated under sy direction and the results will be given to the BCB fratemity with
the hope that it will be of pragmatic value for other *jn-the-field"” BCB DXpeditions.
The initial phase of Project NEBE has been completed and the results will be given to
the DX bulletins in the very near future &s a sequel to this writing. Good MXing!t!

See Tables I (Terminating Resistances), II (Wavelength vs. Frequency), and III

- (Pattern Comparisons); also Figures A through H; and Pattems 1, 11, III, end IV for

L* = 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3 h, and 4.0.
Dr. Dave Fischer - Room 608 - P. 0. Box 61309 - Lincoln, Nebraska 68501

Table I --- Terminating Resistance R

H{feet) a=em=—= 5 8 10 15 20 25
Vire Size  D(inches) —-R chmg-=

24 0.02010 562 591 %04 626 645 659
22 0.02535 546 576 £90 614 63). 645
20 0.02196 534 563 576 600 617 631
18 0.04030 520 549 562 586 604 617
16 0.05062 507 535 548 572 590 603
14 0.06408 493 521 534 556 576 589
12 0.08081 479 507 520 545 562 575
10 10.10190 465 493 506 531 . 548 561

Table II --- Wavelength vs. Frequency (table values in feet) .
M.../ * - 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5. 6.0 6.5 1.0

540kHz 911 1622 2733 3644 4555 5467 6376 7289 8200 9111 10022 10333 11844 12755
1600kKz 308 615 923 1230 1538 1845 2153 2460 2768 3075 3383 3690 3998 4305



> - - Beverage Antenna Patterns for
L* from 0.5 to 7.0 wavelengths
Table III -—- Pattern Comparisons .
L* Y+ B+ g3* _EL* _4BL L* 0+ _Es 4% EL* 4Bl _ — L —— — =3
0.5 €5 0.638 -3.9 1.0 0.0 5.5 21 2.541 8.1 1.0 0.0 ;_, _ i gure A:
1.0 48 1.000 0.0 1.0 0.0 5.5 43 1.307 2.3 0.515 -5.8 / D ] ] .
1.0 113 0.322 -9.8 0.322 -9.8 5.5 57 0.951 -0.4 0.374 -8.5 wx Side View of
1 o 6 5.5 66 0.752 -2.5 0.296 -10.6 H Antenna
H.w 4 w.m 2.1 1.0 o._w 5.5 79 0.619 ~-4.2 0.244 -12.3
.5 87 0.526 -5.6 0.417 -7.0 5.5 90 0.516 ~5.7 0.203 -13.8
1.5 127 0.246 -12.2 0.194 -14.} 5.5 100 0.429 -7.4 0.169 -15.4 \!\\\337 earth sEowd —
2.0 35 1.486 . 1.0 0.0 5.5 111 0.353 -9.0 0.139 -17.1 -
50 ,\w o.mqm -W.M 0.455 -6.8 5.5 123 0.280 -11,0 0.110 =-19.1 = TRUE NOZTH
2.0 103 0.406 =7.6 0.273 -11.3 5.5 136 0,207 -13.7 0.081 -21.8
2.0 135 0.206 -13.7 0.139 -17.1 5.5 155 0.118 -18.6 0.046 -26.7 //s. ““.\\\\\. Figure B Top Vieu of
2.5 31 1.618 4.5 1.0 6.0 20 2.660 6.5 1.0 0.0 — Antenna
2.5 65 0.198 -1.9 0.476 6o 4 1376 28 011 51 ,\\\\
2.5 89 0.521 -5.7 0.310 . 4 1. . 380 -E.4 _m .
2.5 113 0,341 -9.3 0.203 6.0 65 0.781 -2.1 0.294 -10.6 =~ )@
2.5 140 C.181 -14.8 0.108 6.0 75 0.665 ~3.6 0.250 -12.0 /M
6.0 85 0.562 =5.0 0.21) =-13.5 ~
3.0 26 1.849 5.5 1.0 0.0 6.0 95 0.472 -6.5 0.178 -15.0 , g -
3.0 56 0.824 -1.7 0.446 -7.0 6.0 104 0.399 =7.9 0.150 -16.5 Eigure C: Electrical )
3.0 80 0.4 -4.2 0.332 -9.6 6.0 114 0.330 -9.6 0.124 -18.1 Operation of Antenna
3.0 99 0.439 -7.1 0.237 -12.5 6.0 125 0.264 -11,6 0.099 =-20.D
3.0 119 0.301 -10.4 0.163 -15.7 6.0 138 0.196 -14.1 0.074 -22.6 EX
3.0 142 0.163 -15.7 0.088 -21.1 6.0 154 0.113 -18.9 0,042 =27.5 /
-3.5 2 2.006 6.0 1.0 0.0 6.5 19 2.770 8.8 1.0 0.0 E§ ¢
WW ww w.mww -w.w w.ww“, -w.__ 6.5 39 1.439 3.2 0.520 5.7 B pd| A
5 - ~3.1 0O, =9.i 6.5 52 1,05 0.5 0.383 -B.
3.5 90 0.516 =5.7 0.251 -11.8 m.w 62 o.ﬁw L.w 0.306 Lo.w v \ ,\
3.5 106 0.387 <-B8.3 0.193 ~14.3 6.5 72 0.710 -3.0 0.257 -11.8 B
3.5 124 0.272 -11.3 0.136 -17.4 6.5 61 0.604 -4.4 0.218 -13.2 G
3.5 146 0.150 -16.5 0.075 =-22.5 6.5 90 0.516 -5.7 0.186 -14.6 —Nm \.\I.(.’\r./\,\.ll\u\.,\..l\(.il\)\{)..l/.
u.m. ww 2.151 6.6 1.0 0.0 M.W, wa w.%wm ”Nw wwwn -ww.m earth ground
.0 1.08 0.7 0.502 -6.0 3 . 5 0. -17.
4.0 €8 2.096 -2.3 0.356 -9.0 6.5 117 0.312 -10.1 0.113 -18.9
-  _ 6.5 128 0.252 -12.0 0.091 -20.8
4.0 82 0.565 -4.1 0.212 -11.3 6.5 140 0.186 -14.5 0.068 -23.4 Figure D: Loop Pattem Figure F: Loop Pattern
4.0 97 0.456 -6.8 0.212 -13.5 ] . “i4e) O TEIed = y
U B 2 Ak ol o ro 1 Tau 52 Lo oo Fone of 1 o o 2
. Co -ie. 116 <18, 0. 19 2,674 9.2 1.0 0.0 .
4.0 148 5.140 -17.1 0.065 -23.7 w.c 38 :wm 3.5 0.521 5.7 : \I./ \ \1/
.5 23 2,289 7.2 1.0 0.0 7.0 50 1.107 0.9 0.385 -8.2 loop
4.5 47 1.160 1.3 0.5C7 -5.9 7.0 60 0.895 -0.9 0.311 -10.1 :
.5 63 O.m\wm -1.6 0.3€5 8.8 7.0 69 0.751 ~2.5 0.261 -11.7 R . 100 =3
4.5 11 0.649 -3.8 0.283 -10.9 7.0 78 0.631 -4.0 0.220 -13.2 \. P
4.5 90 0.516 -5.7 0.226 -12.9 7.0 86 0.533 -5.1 0.192 -14.3 - —
S sae I e g R R NS NP N
.5 116 0.322 -9.8 0.140 -17.0 . . -7.6 0.144 -16. _—
4.5 131 0,233 -12.7 0.162 -19.8 7.0 0.123 -18.1 Pl - loop or _ _—
4.5 150 C.131 -17.6 0.057 -24.8 :w w.wwu -WNW pattern pattern peak loop null
5.0 22 2.418 1.7 1.0 0.0 ﬁo 0.062 -24.0
5.0 45 1.239 1.9 0.512 ,-5.8 1.0 0.036 -28.8
5.0 60 0.894 -1.0 0.370°' -6.6 :
5.0 72 0.704 =-3.1 0.291 -10.7
5.0 84 0.572 -4.8 0.23] -12.5 Rigure F3 Typica), Terpineted Beverage Pettern
5.0 96 0.464 <-6.7 0.192 -14.3
001 . -8.4 G.157 -16.1 ~ . )
0 167 03 st o131 e e s ) _ e bt i
5.0 134 0.218 -13.2 0.090 -20.9 L
5.0 152 0.124 -18.1 0.051 -25.8 /\ \\\ brll major lobe
N\/nlu\ll minor lobe
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