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Technical Correspondence Conducted By Paul K. Pagel, N1FB
Associate Technical Editor

The publishers of OSf assume no responsibility tor stat€ments med€ herein by correspondonts.

THE IMPACT OF CURRENT
DISTRIBUTION ON ARRAY PATTERNS
D An assumption underlying much of the
Amateur Radio literature on phased-array
antennas is invalid for some types of arrays
used by srnateurs, As a result, patterns of
these arrays can deviate dramatically from
predictions.

The assumption is that, if an array is made
of physically identical elements, the current
distribution b the same on qll elements os it
b on on bolaled element.t This assumption
also is made in The ARRL Antenna Book w,-
tion on phased arrays (much of which I
authored).2 Because it plays a major role in
determining the pattern to be expected from
an array and how the array should be fed to
produce that pattern, this assumption is im-
ponant.

If identical current distributions are
assumed on all elements, the total field from
each element is proportional to the current
flowing at each of the element's feed points.
But this won't be true if the distributions are
different, because the field from an element
is determined by the cunent distribution as
well as the magnitude and phase of the cur-
rent at a given point on the element. A second
consequenc€ of the equal<unentdistribution
assumption is that element self-impedances
don't change as a result of the presence of
other elements (although the feed-point

impedances do change-more about this topic
later).

The fact is that the current distributions on
elements in on arroy are dilferent thonfor the
some elements when the elements are isolated.
Fortunately, in some cases, the effect ofthis
impedance on iuray performance is minor. In
other cas€s, however, it's dramatic. I'll briefly
describe some of each. The following discus-
sion assumes vertical elements over ideal
ground, although the conclusions are equally
valid for any type of array.

When two equalJength elements are fed
with in-phase or l80o out-of-phase currents,
current distributions on the two elements are
the same, even though each is different than
on an isolated element. This is true regard-
less of element length and spacing. As a result,
the azimuth patterns from these arrays aren't
affected by the invalidity of the equal<urrent-
distribution assumption, although there can
be (usually minor) differences in gain and ver-
tical pattern caused by the changed distribu-
tions. Feed-point impedances can be much
different than expected if the elements are sig-
nificantly longer than resonant length,
however.

The patterns of all arrays of three or more
elements are potentially affected, but for sim-
plicity I'll use some two-element vertical
arrays as examples.3 Placing two very short
elements l/4\, apart and driving them with

currents equal in magnitude and phased 90
degrees apart produces the familiar cardioid
pattern. Longer elements also generate a
cardioid pattern if their current distributions
are equal. The effect of unequal current dis-
tribution is visible, but minor, on thin quarter-
wavelength elements; the pattern is a cardioid,
but with a lobe to the rear about 30 dB down
from the forward lobe. The ratio of element
currents is I / - 90 degrees at the bases, but
steadily changes to about l.l / -93 degrees
at the tops. (Thicker elements are affected
more. The rear lobe is only 20 dB down with
an element length,/diameter ratio of 25). For
most applications, the assumption is ade-
quotely occurote for thin elements I /4 wave-
length long ond shorter. Fortunately, this
encompasses the majority of amateur arrays.

The arrays most profoundly affected are
those made from longer elements (for
example, l/2- or 5/8-tr verticals or l- or
l-l/4-)\ dipoles). If the equal-current-
distribution assumption were valid, arrays
with two identical elements of any length
would have a cardioid pattern if fed as men-
tioned earlier. But, Figs I through 4 show
what actually happens: The current distribu-
tions are vastly different, and the patterns
bear only a vague resemblance to a cardioid!
Patterns of arrays with antiresonant (0.459-X)
and l/2-\ eiements are very different
(Fig l), showing an undesirably high sensi-

Bcmot langth - 0.459 t
Es'|.nt l.ngth - 0.5 I

Fig l-Panerns of twc€lemenl arrays ted ai th€ bases with equal
curronts of gGdogre€-relativ€ phase. Element spacing is 0.25 i.
Tlp mo panerns are for antiresonant €lements (O.tSd X; anO
1/2.\-long elements above a pertect ground plane. The buter ring
ot the plot is + 11 dBi. Fig 2-Same setup as Fig 1, but elem€nt length is 5/8 I.
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Fig 3-Magnitude of currents on antiresonant vertical elements as
a function of distance trom the base. The current distribution on
an isolated element is shown for reference.
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Fig 4-y"nn',ude and phase of the ratio of currenls on two
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tivity to element length.
Changes in current distribution also change

feed-point irnpedances. If one begins with the
familiar equations (shown for two elements)a

Y 1  : 1 1 2 1 1  + l z z n
Y 2 = l 1 Z p + 1 2 2 2 2

self-impedances 211 and 222 and mutual
impedance Zp can be derived by observing
the feed-point impedances when the elements
are driven in phase and out of phase with
equal currents.Zn = Zzz = l/2 x (4 +
Z1s6) and Zn = l/2 x (4 - Z1s6) where
Zs and Z$s are the feed-point impedances
of either element (V | / \ and V2 / I) when
the elements are fed in and out of phase
respectively. If element I is isolated, 211 =
Vr / Ib so the feed-point impedance be-
comes the self-impedance. However, the value
of Z1 1 calculated from 7a and 21s6 will give
a different value-sometimes, a very differ-
ent value-because of changed current distri-
bution. Although 211 is the "self-impe-
dance" of element I, I'm uncomfortable with
saying the self-impedance has changed
because of my long association of the term
with the impedance of an isolated element.
However, two of the foremost authorities on
antenna theory clearly make this interpre-
tation.5

How pronounced is the self-impedance
change? It's virtually unmeasurable with
elements vp to l/4 \ long, but extreme with
element lengths near l/2 \. An isolated
antiresonant vertical element (0.459 \ long,
length/dia = 1000) over a ground plane has
a base impedance of 1574 - j13.26 0. When
in an array like those of the preceding exam-
ples, 211 calculated from fr and Zfto =

40 o5I*

2OM + i701 .5. Zy-differs even more from
the value calculated assuming identical
current distributions: - 1055 -/03.5 versus
+ 895.6 - j625.2 A.6

The existence of dissimilar current distri-
butions was reported and analyzed as early
as 1944, and figures prominently in papers
and texts by King, Harrison, Tai, and
undoubtedly others.s'7-10 Yet during the
period of mid-1920s to 1960s, during which
many papers on antenna theory appeared,
sinusoidal distribution frequently was
assumed, as not doing so made mathemati-
cal analysis of the general case virtually im-
possible (see Note 6). The papers not making
the equal-current-distribution assumption
generally dealt only with two elements in
phase or l80o out of phase, cases that could
be relatively easily dealt with mathematical-
ly. Designers of large arrays, such as those
used in phased-array radars, frequently can
make the assumption of similar current dis-
tribution on all elements. Broadcast-arrav-
design techniques have evolved to the use of
method-of-moments programs such as NEC
and MININEC, which show results similar to
those presented here. However, I'm not aware
of any literature that directly addresses the
impact of unequal current distribution on
typical amateur iurays.

I hope this brief conespondence saves some
people from the frustration of trying to phase
arrays of longer elements. Much more study
is needed to $sess the impact of this
phenomenon on other typcs of arrays (how
about collinear arrays?) and to learn how bcst
to ded with it.-Roy Lewollen, W7EL,
ARRL TA, 5470 SW 152 Ave, koyerton, OR
97U7

Notos
tCurrent distribution refers to th€ wav current

varies along an €l€mont. For exairple, the
current distribution is nearly sinusoidal on an
isolated, resonanl dipole-gr€atest at the
cent€r and tap€ring to near zero at the ends.2G. Hall, Ed., The AR1L Antenna Book, tsth ed
(Newington: ARRL, 1989), Chapter 8.3All currents and panerns w€r€ calculated with
ELNEC, a MlNlNEGbased program that p€r-
mits th€ uso of tru€ current sources. Twdnty
segm€nts p€r elemgnt were specitied foi
elem€nt longths ol 1/2 \ and less, iO seqments
lor longer elem€nts. Ths diam€ter oi each
elem€nt is.1/1000 its lenglh. A p€rfect ground
rs assum€d., and plots are fof a zerod€gre€ sle
vation anole.

aSee Note 2I
5R. King and C. Harrison, Jr, "Mutual and Self-

lmp€dance for Coupled Ant€nnas," Journal ol
^_Aplied Physkx, V_ol 15, Jun, 1944, pp 4Ol-495.6For example, see C. Cox, "Mutual imoedance

Between Vert ical Antennas ot iJneoual
Heights," Prrcaedings ot the t.R.E., Nov 10q7,
pp 1367-1370. His €quations assurn€ sinusoidal
current distributions on both €lements. Th€
equations and graphs based on them aF
par€ntly have app€ared in texts and in publi-
cations by th€ National Associat ion ot
Broadcasters and oth€r organizations r€lated
to th€ broadcast industry.

7C. Tai, "Coupf€d Antennari," Ptoceodinos ol the
l.R.E., Apr 19218, pp 487-500.

eR. King, "Selt- and Mutual lmpedances of
Parallef ld€ntical Antennalr," Ptrcadhps ol tE
/.F.8, Aug 1952, pp 981-988.

eR. King, Theory ol Linear Antennas (Cambridoe,
MA: Harvard University Press, 1956). D 275tt.loC. Harrison, Jr, and R. Kinq, "Th€orv ot Couol€d
Fofded Antennas," /RE Traniactions' on
Antennas and fuopagatlor, Mar 1960,
pp  131-135.

Not.: All corr€spondence address€d to this
column should b€a. th€ name, call sign and
complst€ address ot the s€ndor. Ptease include
a dayiimolelephon€ numb€r al which you can be
reached if necessary. EiaFl
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