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BEYAlL About Wire

This article discusses some of the different types of wire commaonly | |

used in audio equipment, and provides some practical advice about |

when to use each type. By Pete Millett

n the surface, the function of :
wire seems pretty simple: get |
electrons from point A to
point B, But there are many
cholees to be made when wiring audio |
equipment. A multitude of different
wire types, sizes, and materials is avail- ;

mhli to the builder.

THE SINGLE CONDUCTOR

Single-conduetor wire is what maest peo- |
ple think of as “normal” wire. The sin- |
gle metal conduetor can be made of one |
pisce of metal called “solid™ wire, or |
from meany smaller wires wrapped to- |
gether, which is called “stranded” wirs, |
Single-conductor wire may be bare '
metal (un-insulated) or covered lna i
nonconductive material, (I disouss the !
materials used for the conductor and |
{ mora flexible in the larger size re- |
gquired for AC wiring, and can be termi- |

insulation in more detail later.)

Hiectrically, there is not much differ |
ence between solid and stranded wire. |
: point wiring, such as between tube
Solid wire is, well, solid, while stranded |

The main difference is mechanical.

the hole you choose, Solid wire also
holds its shape, so you can drees it into
position and it will stay thers,

Om the other hand, stranded wire is
more flexible, especially in larger sizes.

It also survives being bent buck and |
forth without breaking, so any wirlng |
that Involves motion should be done
i with stranded wire, which is also used !
{ when the wire is to be terminated into |
erimp or insulation displacement (TDC) |

connectioms. Solid wire doesn’t general-

ly make o reliable connection this way |
except in very small wire sizes and with |
ponnectors spacially designed for it |

(such as telaphone conneetors).

A typical pigce of andio equipment !
may use both solid and stranded wire, |

Far example, AQ power wiring is usual-
ly done with stranded wire, since il is

nated with orimp terminals. Pointto-

| PHOTO 1: Solid (1af) and stranded wire
i with the insuiation removed,

1 1Y

|

| PHOTO 2: Different wire sizes. From left
© 12AWS, 16AWE, 24AWS, 3DAWE.

wire is more flexible, Photo I shows ! TABLE 1
salid and stranded wires with the insu- | COMMON WIRE SIZES AND THEIR CHARACTERISTICS
latinn removed.
In oldfashioned point-to-point | AWG DA MPEN o  PESANGE RERaNS  Bexoueee];
e ik st | (NCHES) (S0, INCHES) . AMPS
wiring, like that used in tube equip- : , COPPER - BILVER WIRE)
ment, solid wire is generally used. It is | 20°C) 20°0)
ensier to terminate 1o solder lugs (like | 4 0.2043 0.03278 02485 0229 16
those on tube sockets) sinoe it doesn't : g':ﬁ m % m ;,?
fray out into a million little wires, at | 10 o101 0.00878 09988 0821 8
least one of which will never go into ; 12 0.0308 Doog13 158 |48 a2
I 0.0841 ez 2 23 194
{18 0.0508 0.05203 408 ar 123
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Potm Miflat Ac Witk ubes d8 . G i o (s 0000804 101 g 49
. i 1.o253 0.000803 162 149 3,04
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i 2 0,015 0.000730 i aTa 12
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{ B .01 0.0000768 104 o1 0477
{8 f.008 00000500 162 148 0.304
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TABLE 2 AI thB;kthHr EeXIrema, Eag
wires tale up space, are dif-
e o T SATESICATIONS  :1t to bend and fit (nto
chassis, and are expensive,
WIRE SIZE (AWG)  APPLICATION Wire size is commonly :
ﬁ wr‘m”“m specified with a number |
1818 AC lina wiring (ususlly stranded) <54, called "gauge.” "Amerloan i
spaaker winng <400, power wiing <S4 Wire Gauge,” or "AWG," is
12-14 mmwmaﬂm the standard normally

sockets or terminal strips, may use ;
ameter and characteristics of a range

For under-chassis wirlng inside a :
typieal sudio project, the choice be-
tween solid and stranded wire is mostly !
a matter of buflder preference. Either !
! bers; the odd-numbered sizes do exist,
! but are not commonly found. Photo 2
! shows differently sized wires for
Wire is manufactured in sizes as thin | comparison.
#s & hair to several inches in diameter,
The size affects its electrical character
istios, such as resistance and ability to !
phss large currents, as well as its me- | to be large enough so that its resistance
chanical characteristics, Smaller wire
has a higher electrioal resistance, and
very small wire is difficuit to work with. |

solld insulated wire,

one warks fine.

WIRE SIZE

used for electronic wiring.
The larger the number, the |
smaller the wire. Table ! shows the di-

of wire sises that covers most of what
is used |n wiring normal electronic
egquipment. Note that commonly avail-
able wire sizes are only in even num-

Two factors influence what size of
wire you use inside a piece of eleotron- |
i equipment, Elsotrically, o wire needs

is low encugh not to influence the oir
ouit or be heated sipnificantly by the
power dissipated in the resistance, Me-

chanically, you need a wire that is nei-

. ther so small that it's fragile and hard
: to terminate, nor so big that it is diffi-
i cult to bend into shape,

For low-level signals, where the cur

: rent is measured in milliamps, the wire

size is chosen more for ease of uge than

 for electrical characteristics. Usually, a
i size between 22AWG and 2BAWG is
i chosen somewhat arbitrarily.

For power wiring (both powersupply

and high-level signals like speaker
. wiring), you must choose the wire size
based on the amount of current that
. must be passed. There are many rules-
. of-thumb for determining the current
. capacity of a given wire size—some
! based on temperature rise, others an
| voltage drop. Generally, it is best to be
conservative and use a wire size that is
! & couple of sizes bigger than what is ab-
solutely necessary.

The maximum currents listed in

E'Ihb]‘elmhnaeduntmnpamﬂuerim

of bare wire. Consider these absolute

maximums for wiring in audio eqguip-
| ment, and it would be best to use wire
! two sizes larger than this minimowm.

General attenuator spacifications
" Mumber of steps: 24
Bandwidth (10kOhm): 5O g
THD: 0.0001 o
CT2 6-gang Attanuation accuracy: +0.08 dp
Channal matching: =0.05 dB
I
ERAP Sy fie AV ek Mechanical iife. min. 25000  cycles
g;mu key specifications ; gﬁm Iguﬂgﬂ*;fﬂ 2260 6070
In (selectablie); 40 to BO d :
RIAA aq. deviation: +0.06 dA E-madk: infoDACT.com
SN ratio (40VB0CB gain): 5871 dB
THD ooooa % | httpi//www.DACT.com
Cutput resistanics: 0.1 ahrm
Chanmal separation: 120 dB
ahiyhs 2 unz | igh quality audio parts for upgrading
ECE dimensions: 105 % 63 i existing squipment, DIY constructions
447n25 * and for audio equipment manufaciurers.
DACT audio components offer unusually
large bandwidth, low distortion, high
g“’“ key specifications 5 accuracy, low noise and long lifetime.
in {selectable) 0, Bor12 d DACT products:
Bandwidth (at 0dB gain) 25 MHz = P Audio Aft ators
Slew rate (at 0dB gain) 500 Vius EIHPPHH
SN ratio (IHF A) 112 dB - Stepped Balance Controls
THD 0,000z ™ - Audio Input Selactor Switches
Output resistance 0.1 ohm - Phono Stage Module
Channel matching + (.05 dB - Line Stlﬂ& Madula
PCA dimensions: 100%34 mm
] 3897% 135 * - Diffarent Accessories
wiih & sferec CT1T attenuaior aoded Made in Denmark
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BLACK MAGIC

Some sudiophiles seem to have a oearly neoarotio oheession aboul wire. The sciencs and
als and lechnologies: from siiver hook-up wirs and aibvérwound transformers to long-

grain ulimepure oxygorrfres copper wire with some exotie polymer insulation. So, what's
Though 1 2 £ fine ek l}rnlthﬁwimnnﬂmdumathﬂchma|
B0 I o ! ? amed not to dismiss all of black : of 5 connection becoming open over|

magic”™ as halluoination and marketing hype. As much s engineers and sclontists hats 1o | e B

i time. Unless you have a specific reason
i to use unplated wire, you should al
! ways use wire that has tin or slilver

Plaﬁng

Things beooms sven more camplicated when you start looking st speaker wire and in- INSULATION
teroonnect onbles, which oan oost you anywhere from a couple of bucks up to thousands  :

up with this?

admit it, there are things that can be heard but not meastured.

Can T hear the difference between (dentical tube amps—one wired with silver
wire at £20 per foot, and one with Radio Shack copper wire? Nope, Bul I'm not quite will-
ing to say that nobody can. If there's one thing Twve leamed 1o this business, it's o keep an
open mind.

of dollurs. Thers ure tertainly mensursble and audible differences between cabiles, but, to
my ear, they don't necessarily relste to the price tag.

Ive hiesrd 5o much disoussion about how solid wire sounds so much better than strand:
e} wine (Bomething aboui “strand interiction™), and how PYC insulated wire sounds bet
ter than Teflon® (and viceversa), and how you just have W use silver soldar, that it makes
iy hend spin.

8o How do you resolve all this? Well, you don't. Build and buy what scunds good and
males sense to you. Experiment snd male your own decislons—don’t be swayed by the

magzings and the marketesrs ~PM

Table 2 lists some common wire |
gizes used for hook-up wire in audio ;

equipment.

CONDUCTOR MATERIALS

Almost any metal can be used to cons
struct wire, as can combinations of
more than one metal. For example,
wire designed to be strung between !
telephone poles sometimes uses a
steel core for strength, with copper lay- |
ered around it for good electrical con- |
ductivity. In the wiring of eleotronic ;
equipment, though, the electrical char !
acteristios of the material are more im- |
portant than mechanical characteris- |
tics, 50 they determine what metal is
usad.

Of the commonly available metals,
the best eleetrical conductor is silver,
followed by copper and gold. Gold is far
too exponsive to consider for electronic
wiring—you'd need to be & very wealthy
person (not to mention one in need of
peyehiatrie help) to wire & project using
gold wire!

SBilver wire is sometimes used in
high-end sudio projects. Although i is
A better conductor than copper, its re-
sistance is only about 8% less than cop-
per, which is much less expensive,
Even though from an engineering per-
apecﬁmthereinunreammusasuwr;
s 6 wiring material, many audiophiles |
swear by it (see sidebar), i

So, copper is the material of Ulmmu i
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for almost all electronio wiring, Howev-
er, there are different types of copper as

Iumerllr

Pure copper is a very soft metal, so it

| is often alloyed with other metals to
i alter its mechanical propertiss. There is
i also always some level of impurities left
: in the metal, so even “pure” copper has

some amount of other metals—and non-
metallic materials—in it. As far as the
electrical properties are concerned,
purer copper is better,

about "ultra-pure” and “oxygen-free”

they are very diffloult to quantify,

Copper’s problem is thal it reacts
with air and forms an oxide layer on its :
surface, which turns the shiny copper |
color to a dull brown. Copper oxide is |
not & good conductor, and it can make |
connections and solder joints work |
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i poorly, Beeause of this, most wire used
! in electronics has another metal—usu-
i ally either tin or silver—plated on the

englneering says, within reason, wire i wire. Yet. there i8 a profiferstion of exotic materi- |
i outer surface of the wire. This plating

dramntically improves the solderabili-

Most wire used in eloetronle equipment
has o coating over the metal to insulata
it, or to prevent it from making electri
oal contact with other wires, a chassis,
or you!

There are applications that use unin-
sulated wire. Short connections, such
as betwoen adjacent lugs on & tubs
sookal, are often done with uninsulated
wire, which is fine, as long as the con-
nection is short enough that there is no
danger of the wire bending and maidng
contact where it's not supposed to.
Likewise, grounded connections, such
as bussing together the grounded side
of & bunch of phono jacks, are often
done with uninsulsted wire, which is
commonly called "bus”™ wire,

Many different materials are used to
insulate electronio wire, The two basic

: parameters to consider in an insulation
There has been much discussion |
! (how high & voltage the insulation can
copper being needed to wire audio ;
! equipment. Certainly, impurities such !
as copper oxides are detrimental 1o the |
electrical properties of the wire, but :

material are its breakdown vollage

withstand before failing), and its tem-
perature rating (how hot the insulation
can become before it melts or other
wise brealss down).

Various plastic and rubber materials
have been used for hook-up wire In
electronle equipment over the years,
Today, for electronic wiring, the most
commonly available insulation mater
als are PVC (polyvinyl chloride) and
Teflon”. For special applications requis

TABLE 3
COMMON UL AND MIL WIRE TYPES
WIRE TYPE INSULATION APPLICATION
LL1oa7 BV, 300V, BO°C, 001" Ganeral usa hook-up wire
uL1os FVC, 000V, 105°C, 0.031° Highe vitges and temprabires—iickes nsulsfion
UL1429 Iradsted PVC, 600V, 10570, Thinner, iougher insutation, neslstsn t sofdering
MIL-W-1BETEN omg*
UE12ta Talion™, BOOY, 200°C, 0,010 High refablty, high teempaniures
e allor™, 1000V, 200°C. 0.0
MIL-W-1587ES T  TODN, 14" High woltags, high lemperaiurs
MIL-Wy-768 PVC, 1000V, 80°C, 0, 018" High waltags sy
www. audiokpress.com
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ing very high voltages, temperatures, or |
flaxibility, there are many other materi- |
ils available as well, but they are sel- |

diom used by the hoblnydst,

The most oommaon type of electronio
wire, usually called “hook-up™ wirs, is ;
normally insulated with PVC, which is |
i good—not great—electrical insulator, |
and is inexpensive. It's easy to work |
with because it strips easily. Its biggest
downside is that it doesn't withstand
high temperatures well. It melts easily
when soldering, so you must be careful
{and guick) when soldering connec-
tions. It comes in different thicknesses,
which are rated for different voltages.
Common PVC hook-up wire is mated for
300 or 600V, which is adequate for

everything exoept some tube cirenits.
The other type of wire used often in
audio equipment is Teflon® insulated

wire. Teflon® is & better aleotrical insu-

lator than PVC and can withstand
much higher temperatures. It is also

ability and military applications.

Teflon® has a distinctive slippery feel to |
it, and is usually shiny, as opposed to ;| AND SHIELDED CABLE
More than one insulated conductor can
Teflon® insulated wire has a couple |
of disadvantages. It tends to be expen-
sive (though in the quantity you would
need for a typical audio project, the cost
is probably not too great & deterrent),
and it is also harder to strip the insula- :
tion from the wire. Unless you use a
good, sharp wire stripper, Teflon” tends
| coaxial, shielded cable, which is used
in many sudio interconneot cables. The
Bo, which one should you use? [t re-
. ductor, with the outer shield acting as
ence. I like the fact that Teflon® doesn't |
melt easily, so you can solder A conneg-
tion without worrying about the insula- |
| tion, and you can run the insulation |
i right up to the solder joint. But it's hard |
to find Teflon® wire in any type other
than the silver-plated, streanded wire
| commonly used in military applica-
tions—if you prefer solid wire, it may be |
very resistant to flame, and for thess i
reasons Teflon® insulation has always |
been the preferred material in high-reli- |

FVC. whioh is duller.

not to cut cleanly and to draw out in
long stringy pleces.

ally comes down to personal prefer-

i hit more diffioult to find.

MULTI-CONDUCTOR CABLES

be enclosed inside & common jacket to
form a multiponductor cable. There are
many different types of cables, many
used in constructing avdio equipment

Shielded Wire and Coaxial Cables
A single conductor can be surrounded
by braided wires or metal foil to form a

glgnal travels through the center cone-
the return or ground conductor. The

grounded outer shield helps prevent
noise from being coupled into the

i andio signal traveling within.

You should always use shielded cable
for very lowlevel audio signals, such as
those from o microphone or phono car
tridge, to prevent noise or hum from
being coupled into the signal from near

i by power cords, transformers, or other

Table 3 lists several commonly avail- |
i mble types of insulated wire and their
i military (MIL) and UL designations.

components. You should also use it in-
side equipment, such as in an amplifier

¢ chassis, if the signal cable must be rout:

Big Sound!

Reference 3A Loudspeakers

Directly coupled, hand built,
wide range carbon fiber
driver is fast, efficient and

needs no crossover.

With just a cap on a perfectly
matched silk dome tweeter,
the music remains intact.

Ideal match for SET amplifiers

www.referenceda.com
342 Frederick St., Kitchener Ontario, N2ZH 2N9 Canada

Phone: 519.749.1565

Fax: 519.749.2863

REFERENT

audioXpress August 2001 37



Reprinted, with permission, from, Issue 8, 2001, p. 34-38, of audioXpress magazine.

© Copyright 2001 by Audio Amateur Corporation. P.O. Box 876, Peterborough, NH 03458, USA. All rights reserved.

(shield).

to cut outer layer
of very thin wires
{shigld) remove

outer insulation.

conductor

FIGURE 1: Cable termination (from Heathkit booklet #595-284).

@ Copyright 1958 Heath Co.

ed near & power transformer or other po-
tential souroe of noise,

When you use shielded cable, you
nesd to consider that there is sipnifi-
cant capacitance between the center
condugtor and the (normally grounded)
shield. This osn cause problems in sen-
gitive circuits, such as phono cartridge
inputs. This capacitance can cause
degradation of the high-frequency re-
sponse of your system. For this reason,
it is best to use only cable that is specif-
ieally designed for audio use, and to
avoid cables designed for digital or
radic-freguency used in audio circuits.

Braided shislded cables can be diffi-
pult to terminate, since the shields are
usually made up of many small wires.
The best approach Is to try to unbraid all
the tiny wires, and then twist them to-
gether and tin them with solder befors
trying to connect them to anything (Fig.
1). You can use heat-shrink tubing over
the twisted shield wires and over the
end of the cable jacket for a neat appear-
ance and to prevent stray shield wires
from eausing & short eircuit (Fig. ).

Foilshielded cables normally have &
wire running along the inside of the
foil, called a “drain” wire. When termi-
nating this type of cable, you simply cut
off the foil shield and terminats the
drain wire as you would any other wire.

Another common technigque is to use

38 audioXpress 8/01

SLEEVING

FIGURE 2: Cable medification (from
Heathkit booklet #595-186).

& shielded eable with two conductors
inside. At one end (usually the output
of the cable) the shisld is connected to-
gother with one of the conductors to
ground, and at the other end the shield
is left unconnected. This prevents the
flow of current through the shield,
which can sometimes introduce noise
into the signal inside,

FPhoto 3 ehows some different shield-
ed wires designed for sudio use,

Multi-Conduetor Cable and
Twisted-Pair Cable
A multiconductor cable is made up of
several single conductors randomly ori-
entad inside & common jacket. Twisted-
pair cable is similar, except the wires
are arranged in pairs that are twisted
around each other. Multi-conductor ca-
bles may also have an overall shield
around all the wires, as described
ahove.

Multiconductor cables are not often

used in audio eguipment. except in pro-
www.audiolpress.com
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PHOTO 3: Shielded cables for audio.

sound reinforcement and studie applica:
tions, where many signals must be trans-
ported. They are sometimes used be-
tween components, such as betwean an
amplifier and o separate power supply.
Twisted pairs are sometimes used-
with or without & jacket surrounding the
pair of wires—inside equipment. Twist
ing & signal wire together with e return
{or grounded) wire helps reject some
npige, though it is not as effective as a
shielded wire, Conversely, wires carry
ing AC power, like filament connec
tions, are often twisted together to pro-
vide cancellation of the magnetic fisld
emanating from the wires. This reduces
the coupling of AC hum into surround:
ing signal circuits. [Tight twists can be
achieved by clamping one end of & pair |
in & bench vise, twisting and soldering
the other ends of the pair together, and |
twisting them with & bent nail in the
chuck of an electrio drill—Fd.] &



