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From the Editor

This newsletter is coming out a bit late this month. It seems like November came fast this year. | was still recovering
from Halloween and then Thanksgiving snuck up on me. Now we start preparing for Christmas. The club recently
purchased a new repeater that is now digital. We are seeking donations to help defray the cost. If you want to make
a donation please mail you donation to DCARS Treasurer Jim Harsh NOOUR 6604 N 3@ ST. Wells MI. 49894,
Please note “repeater donation” on the envelope. You can now join fellow Hams on Wednesdays at noon at the
Hong Kong Bulffet.

If you have any ideas for articles or information you want published in the newsletter please send your feedback and
comments to me at ronald.j.harsh@gmail.com

NOOUR
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The

Best Metal
for an Antenna

José Luis Giordano, CA4GIO

A series of comments {see "Correspondence” in the
Septermber 2022 issue of QST) about Pete Varou-
nis’, NL7XM, “The Better Antenna: Copper Versus
Aluminum” (see the April 2022 ssue) caught my
atention. though they were in jest. Pete's April Fool
aricle refers 10 the role of the electrons of copper
and aluminum atoms in e electrical properses, as
well as their effect on the sag of dipole wires. The
ttie of the articie refers 10 the age-oid question: /s £
conversent 1 replace copper with aluminum in the
legs of a dipole? Copper wires are relatively expen-
sive, heavy, and easily deformed, and they ncraas-
ingly sag with time and high lemperatures. il seems
logical 10 seek aluminum as an altemative due 1o s
clectrical properses and low densy (5, = 2 Tigcm’
vearsus 3, = X9%d4gom’). This suggests that ighter
wires will be subsected 10 lower stresses, and they
consequantly will have less sag and deformation.
However, here is concem about reducing the ef-
ficency of the anterna by changng to a metal with
a conductivity almost 37% lower (o, = 3.8 » 10" S'm
VErSUS a¢, = 6.0 = 107 Sim) than copper.

Ohmic Resistance

Consider two ha¥-wave dipoles, each with a otal
length of / and fed &t the center. One dipole s made
of copper wire, with a dameter of . and the other
dipole s made of aluminum, with a diameter of 4,
While trying 1o creato antennas with simiar officion-
cles, the dameters are chosen S0 the wires have
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he same elecincal resistance. When accounting for
skin effect, the resistance of the copper wire s
it

as detasied in the seventh ediion of Matthew Sa-
diku's Elements of Electromagnetics, where u,, is the
permeabiity in a vacuum. Because we wart the
dipole made with aluminum 10 have the same resis-
tance, the following must be Yrue:

— o
d, yo., =d Jo,

So, the diameter of the aluminum wire should be

uZ T3
““Yo, > V38
That is, @ must have a dameter 265 larger than that
of the coppar wire. Thus, if .= 1627 millimeters
(W14 AWG), then dy; = 2.050 mallimeters {Slightly
smalier than 812 AWG)L

4 d =126=d,

It isn't convenient 10 use metals with lower conduc-
Bvity, such as steel, because it would require a thick

““An aluminum dipole with the same
ohmic resistance would be half the

" ’ ”
weight of a copper dipole
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depth, & s possible 1o use copper-clad steel (CCS)
wires with dameters simiar 10 &

The most important parameter in antenna perfor-
mance is eficency, where e relevant companson
Is radiation resistance. This resistance represents
the conversion of the electrical power delivered o
and It is strongly dependent on antenna size. Par
Lew McCoy's. WHICP, Lew McCoy on Antennas. for
instance, the radio amateur’s concem should be
with using the maximum poss:ble size rathar than
with the conductivity of the matenal. The discussion
about the most sutable metal Is relevant in refation
0 the mechanical properties of the dipole’s mated-
als

Wire Weight

Compare the weght of 2 dpole made with #14 AWG
copper wire and another dipoie with #12 AWG alurni-
num wire of equal length (/). The mass is

4
e, =1 (de,) &
Because both wires are the same lengh,

iy

(d.) &, (d.) 6,

“aedl1e7) Mo
=0480 x me

An aluminum dipole with the same ohmic ressstance
would be half the weight of a copper dipole.

¥ & CCS ware of the same dameter (4. ) is used,
assuming an average denslty, i =S gem’ as
(8/8.94) - 0.9, the CCS dipole would weigh only
10% less than the copper dipole. So, the biggest
difference botween copper and CCS s in he olastic
propertes. The propertes of copper, aluminum, and
steel are explored, for instance, in the ninth edison
of Materials Science and Engineening by Wilkam D.
Calister, Jr., and Dawvd G. Rethwisch

Wire Sog
Due 1o mass, a wire dipole suspended from two
ends 5ags in the center, forming a calenary curve
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hat can be approximated by a parabola, as ex-
plained n the 24th editon of The ARRL Antenna
Book. Therslore, the wire sag () s related 10 the
magnitude of the wire weight per unit length («), the
otal horzontal distance between the two supports
of the wire (5), and the magnitude of the tensie
stress (7) at each end of the wire according 10

ws®
A=—ro.

T
Conclusions
The stress must be less than the elastic imit (yeld
strength) of the material 30 the wire does not un-
dergo permanent deformation. Thersfors, a working
criterion s 10 design with a stress equal 10 about haif
of aluminum s practically halved (35 MPa for alumi-
num and 89 MPa for copper). wire weight and stress
are reduced by roughly the same amount. so both
dipoles will have similer sag. In addition, If the mod-
ulus of elasscty of each material s considered (60
GPa for aluminum and 110 GPa for copper),. the
mechancal propertes of aluminum are again much
poorer than those of copper because for the same
ension apphed, the deformasion elongation of the
aluminum wire will be 55°% longer than for copper
Additonaly, f we add 10 all these considerations
mat it is easier to obtain copper wire of any type and
size, it does not seern convenient to replace it with
aluminum.
On the other hand, CCS wire is not quite ductile, as
it permanently twists and becomes dfficult 1o work
with. However, as it has a much hgher yeld
strength (180 MPa). CCS is the best material to use
for the longest wire dipoles. This metal can tolerate
higher sresses, which considerably reduces wirg
S&g

088 Lus Gontere, CASGIO. S & SxDermentsl SyScs! who

SO0ONS AT 1B3C Cerses n 2021 He curenty colabomams
onine classes held by e Fado Chut o8 Onde, and he § aspecally
NEEssd N HS 3UENEs. NOSS BILCION, 3AD TENSMGS0N s
raniformes. You Can mach Josd & fighordano @ hotmail com.

For updates to this article,
see the OST Feadback page
3t waw arri org/ feedback.
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Secretary’s Report
November's DCARS Minutes will be a separate upload to the website.

Treasurers Report

| am seeking feedback on whether or not people want to see the treasurer’s report posted in the
newsletter. Please send your response to ronald.j.harsh@gmail.com

Website

| encourage you to check out our website www.k8pl.org for updated information. You can also check
out our facebook page htips://www.facebook.com/groups/dcars.k8pl for updates on current events. |
will be working to develop a google chat account where people can post information and chat with
other members.
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Coming Events
Nov 27t Project Group at the Telegraph Office
Nov 29" Lunch gathering at Hong Kong Buffet
Dec 2 Breakfast gathering at Family Inn 9am
Dec 4, 11, Project night at the Telegraph Office
Dec 18 DCARS meeting at State Wide
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