The &=

Best Metal
for an Antenna

Revisiting the question of the best
metal to use for a wire dipole.

José Luis Giordano, CA4GIO

A series of comments (see “Correspondence” in the
September 2022 issue of QST) about Pete Varou-
nis’, NL7XM, “The Better Antenna: Copper Versus
Aluminum” (see the April 2022 issue) caught my
attention, though they were in jest. Pete’s April Fool
article refers to the role of the electrons of copper
and aluminum atoms in their electrical properties, as
well as their effect on the sag of dipole wires. The
title of the article refers to the age-old question: /s it
convenient to replace copper with aluminum in the
legs of a dipole? Copper wires are relatively expen-
sive, heavy, and easily deformed, and they increas-
ingly sag with time and high temperatures. It seems
logical to seek aluminum as an alternative due to its
electrical properties and low density (55 = 2.71g/cm?
versus 8¢, = 8.94g/cm?). This suggests that lighter
wires will be subjected to lower stresses, and they
consequently will have less sag and deformation.
However, there is concern about reducing the ef-
ficiency of the antenna by changing to a metal with
a conductivity almost 37% lower (o= 3.8 x 107 S/m
Versus o, = 6.0 x 107 S/m) than copper.

Ohmic Resistance

Consider two half-wave dipoles, each with a total
length of / and fed at the center. One dipole is made
of copper wire, with a diameter of d,, and the other
dipole is made of aluminum, with a diameter of da.
While trying to create antennas with similar efficien-
cies, the diameters are chosen so the wires have
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the same electrical resistance. When accounting for
skin effect, the resistance of the copper wire is

Ry = [T+

dCu 4 o-Cu ’

as detailed in the seventh edition of Matthew Sa-
diku’s Elements of Electromagnetics, where y is the
permeability in a vacuum. Because we want the
dipole made with aluminum to have the same resis-
tance, the following must be true:

dCu\/O-—Cuszl\/U—Al'

So, the diameter of the aluminum wire should be

dAl= o-cudCu= %XdCu=l'26deu-
\jO‘AI V X

That is, it must have a diameter 26% larger than that
of the copper wire. Thus, if dc, = 1.627 millimeters
(#14 AWG), then d ;= 2.050 millimeters (slightly
smaller than #12 AWG).

It isn’t convenient to use metals with lower conduc-
tivity, such as steel, because it would require a thick
wire. The magnetic permeability of the steel also
increases the resistance. However, due to skin

“An aluminum dipole with the same
ohmic resistance would be half the
weight of a copper dipole.”
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depth, it is possible to use copper-clad steel (CCS)
wires with diameters similar to d¢,,.

The most important parameter in antenna perfor-
mance is efficiency, where the relevant comparison
is radiation resistance. This resistance represents
the conversion of the electrical power delivered to
the antenna into electromagnetic wave radiation,
and it is strongly dependent on antenna size. Per
Lew McCoy’s, W1ICP, Lew McCoy on Antennas, for
instance, the radio amateur’s concern should be
with using the maximum possible size rather than
with the conductivity of the material. The discussion
about the most suitable metal is relevant in relation
to the mechanical properties of the dipole’s materi-
als.

Wire Weight

Compare the weight of a dipole made with #14 AWG
copper wire and another dipole with #12 AWG alumi-
num wire of equal length (/). The mass is

T 2
mCu = lZZ(dCu ) 5(‘11 .
Because both wires are the same length,

Me, __my
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Therefore,
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An aluminum dipole with the same ohmic resistance
would be half the weight of a copper dipole.

If a CCS wire of the same diameter (d¢,) is used,
assuming an average density, dccg = 8 g/cm? as
(8/8.94) ~ 0.9, the CCS dipole would weigh only
10% less than the copper dipole. So, the biggest
difference between copper and CCS is in the elastic
properties. The properties of copper, aluminum, and
steel are explored, for instance, in the ninth edition
of Materials Science and Engineering by William D.
Callister, Jr., and David G. Rethwisch.

Wire Sag

Due to mass, a wire dipole suspended from two
ends sags in the center, forming a catenary curve

that can be approximated by a parabola, as ex-
plained in the 24th edition of The ARRL Antenna
Book. Therefore, the wire sag (/) is related to the
magnitude of the wire weight per unit length (w), the
total horizontal distance between the two supports
of the wire (S), and the magnitude of the tensile
stress (7) at each end of the wire according to
p 2
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Conclusions
The stress must be less than the elastic limit (yield
strength) of the material so the wire does not un-
dergo permanent deformation. Therefore, a working
criterion is to design with a stress equal to about half
the elastic limit. However, because the yield strength
of aluminum is practically halved (35 MPa for alumi-
num and 69 MPa for copper), wire weight and stress
are reduced by roughly the same amount, so both
dipoles will have similar sag. In addition, if the mod-
ulus of elasticity of each material is considered (69
GPa for aluminum and 110 GPa for copper), the
mechanical properties of aluminum are again much
poorer than those of copper because for the same
tension applied, the deformation elongation of the
aluminum wire will be 59% longer than for copper.
Additionally, if we add to all these considerations
that it is easier to obtain copper wire of any type and
size, it does not seem convenient to replace it with
aluminum.

On the other hand, CCS wire is not quite ductile, as
it permanently twists and becomes difficult to work
with. However, as it has a much higher yield
strength (180 MPa), CCS is the best material to use
for the longest wire dipoles. This metal can tolerate
higher stresses, which considerably reduces wire
sag.

José Luis Giordano, CA4GIO, is an experimental physicist who
specializes in applied magnetism, superconductivity, and physics
education. As a teenager, he worked as an industrial electrician and
ran his own television/radio workshop before finishing his under-
grad studies in Electronics and earning his Master of Science
degree and PhD in Physics. José has worked at the Balseiro Insti-
tute and Bariloche Atomic Center in Argentina, the University of
Zaragoza in Spain, and the University of Talca in Chile. Now retired
from academic life, José lives in Chile and obtained his first and
second amateur radio licenses in 2021. He currently collaborates in
online classes held by the Radio Club de Chile, and he is especially
interested in HF antennas, noise reduction, and transmission line
transformers. You can reach José at jlgiordano @hotmail.com.

For updates to this article,
see the QST Feedback page
at www.arrl.org/feedback.

VOTE

If you enjoyed this article, cast your vote at
www.arrl.org/cover-plaque-poll

December 2023 31





