Cablesand the Amp

R. A. GREINER

This article is adapled from a paper which oudspeakers seem to be con-
I wrote and presented to the Audio Engineer- nected to power amplifiers
ing Society 10 years ago, and which was later with greatly varying*degrees
published in the Journal of the Audio Engineer- of care. The professional gen-
ing Society (Vol. 28, No. 5, May 1980). My erally selects wiring of appro-

o i e priate size and type for the
AS PP Sican Toe dsie o) dons: given application, while many

used for com:ectt‘;zg pome:lr amplifiers to frm_d— others are quite casual about
speakers. In the infervening years, an enfire  guch matters. Recently, however,
industry for the manufacture of special ca-  considerable attention has been
bles has grown up around this issue. | have  drawn to the issue of loudspeaker ca-
therefore added comments fo expand the bles by the appearance of numerous
notions presented in the original paper and ~ "special’ cables with properties that
to bring it more up to date. The paper has allegedly improve the quality of the
also been edited slightly to make it clearer v SOUNd delivered by the loudspeaker.
persons not entirely familiar with some of the ~ WWHile most of these claims are no

o s iy L The o, MOre than pure fantasy, there is just
electrical engineering lerms used. The sub enough edge of truth showing to

stance of the paper, bowever, is based on a1 0"5 hard ook at loudspeaker ca-
electromagnelic theory, and no amount of  pleg seem appropriate.

advertising in the past 10 years bhas changed In this article, loudspeaker cables
that base. are investigated to determine whether
or not their transmission-line behavior
is significant for audio frequencies.
Conclusions are reached regarding
the validity of lumped equivalent repre-
sentations of short transmission lines.
Certain critical frequencies are calcu-
lated and measured to estimate the
effect that the cable will have on the
amplifier and the loudspeaker load.
The problems caused by the resis-
~tance of the crossover, level pads, and
any fuses in the circuit are considered
briefly.

R. A. Greiner is Professor of Electrical and
Computer Engineering at the University of
Wisconsin, Madison. He teaches and does research
in electroacoustics, acoustic measurements,
applications of digital signal processing, audio
system design, and noise control. He holds over

a dozen patents in electronic instrumentation and
audio systems and was elected a Fellow of the
Audio Engineering Society in 1984.
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SIGNALS & NOISE

Foresight Forsooth
Dear Editor:

Concerning my fanciful piece in this
issue's "Audio ETC" on “What hath
God wrought,” and the first Morse
code message, allow me to stave off a
number of indignant letters by noting
that | am quite aware of the improbabil-
ity of the "testing-testing”" messages |
manufactured for the story.

Not, however, their impossibility. If |
am right, the Washington-to-Baltimore
demonstration line was one wire, with
earth return, and thus subject to plenty
of nature's interruptions. A couple of
thunderstorms in the general region
could have set off guantities of spuri-
ous dots and dashes, like the clicks |
hear today in my rural phone when
there is lightning around. An imagina-
tive and excited mind might well inter-
pret these literally. Spgrfcc? Maybe.

| trust that those who set up audio
communications will attest to the valid-
ity of the testing-testing concept—Mr.
Murphy, Sr. included.

Edward Tatnall Canby
West Cornwall, Conn.

Help Wanted
Dear Editor:
| wonder if | might make an appeal
through the pages of Audio. Older
readers will remember that in the pre-
tape era, the very best disc recorders
were made by Presto Corp., last locat-
ed in Paramus, N.J. Of course, they
have long been out of business.
| have a Model 8D Presto recorder
which | would like to restore, and | am
seeking any information regarding ser-
vicing, etc. If anyone can send me
photocopies of schematics and bro-
chures, | will happily reimburse the
costs. | also have a Model 85E record-
ing amplifier, and again, photocopied
information would be welcome.
Peter Newbrook
“Applecross”
185A Newmarket Rd.
Norwich, Norfolk NR4 6AP
England

Ins and Outs
Dear Editor:

In regard to the article “Too Many
Signal Sources” (June), while switch-
boxes can be useful in multiplying the
number of inputs and outputs of audio
equipment, it has been my experience

that they also can degrade the signal.
It is important how the switches are
made. For example, some low-current
switches employ an armature that sim-
ply touches the different contacts as it
is switched. These switches can seri-
ously degrade the signal. On the other
hand, in most switches, the armature is
grasped between spring contacts;
these transfer the signal with better fi-
delity. Probably the closer a switching
mechanism comes to being a continu-
ous wire, the better. In other words, the
best switches will have heavy arma-
tures and heavy contact gripping
springs.

Another factor that can degrade the
ability of a switch to conduct an audio
signal is oxidation. Switches made of
copper, bronze, or silver will tend to
become less efficient as they age. The
best switches will have armatures and
contacts made of gold alloy or gold-
plated materials. Spraying with TV tun-
er cleaning fluid helps reduce oxida-
tion and improve the signal conduction
of all switches.

In view of these considerations, it
seems important that audiophiles
study the construction of the switches
that they are thinking of using. Since
many switches are mounted in boxes,
it may be difficult to see the armatures
and contacts or to reach them easily
with cleaning fluid. Also, it is wise to
test switches before buying them.

Bradford Lyttle
Chicago, ll.

Erratum

In my article, “"Cables and the Amp/
Speaker Interface” (August), the dis-
cussion of a transmission line's char-
acteristic impedance, on page 48,
should have read: -

The characteristic impedance of a
transmission line is given by:

7= [N

R (_G + jwC;

where R is the line resistance per unit
length, L is the series inductance per
unit length, C is the shunt capacitance
per unit length, and G is the shunt
conductance per unit length. Of the
two constants, | is the square root of
—1 and w is equal to 2w times the
frequency —R. A. Greiner
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/Speaker Interface

Cable Parameters

The parameters which describe the
cable electrically are series resistance,
series inductance, shunt conductance,
and shunt capacitance. These param-
eters can be determined by direct
measurement and/or by calculation
from elementary formulas. They de-
pend entirely on the geometry of the
cable and the nature of the conductors
and the insulation used. The approxi-
mate values for a variety of cables
made of copper wire and rubber or
plastic insulation are summarized in
Table I.

Conductors of copper, silver, or sim-
ilar high-conductivity materials—re-
gardless of the method of drawing the
wire—behave similarly. The electrical
properties of cables are not significant-
ly affected, at audio frequencies, by
the type of insulation used. The me-
chanical properties of the cable, how-
ever, may be more desirable with use
of certain insulators and construction
technigues.

Note that the larger the physical size
of the wire, the smaller its gauge num-
ber, and that each change of three
wire-gauge sizes doubles or halves the
wire's cross-sectional area. The nature
of the insulation, and whether or not
the wire is “tinned," have little effect on
the electrical parameters of the cable
at audio frequencies.

/ Photograph: James Nazz
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The accompanying Tables, based
on my 1979 investigations, cover both
“normal” and selected “special’ ca- .
bles. Three of the normal cables are
typical two-wire pairs, such as stan-
dard zip cord with rubber insulation. Of
these, the No. 12 zip cord is a Europe-
an extension cable made by Lucas; its
wires are more widely spaced than
those of U.S. extension cords, giving it
a slightly higher inductance. Two of the
other normal cables are standard twist-
ed-pair types in a vinyl jacket, normally
used by professionals; these are avail-
able from Alpha, Belden, Consolidat-
ed, and other manufacturers. The RG-
9 is a standard coaxial cable made, in
this instance, by Belden.

Of the three types of special cables %
included, one is a large-gauge coaxial f
of dual-cylindrical construction by Mo-
gami. Another is a braided cable by
Cobra. The third is a plastic-jacketed
pair of "welding size" conductors—
real welding cables, | believe—from
Fulton.

Present-day cables that deviate fro
the technigues used to construct ca-
bles in 1979 usually use fine strands of
wire which are gathered or braided in
a variety of complex geometries. Some
of these techniques increase and
some decrease the series inductance- \!
of the cable slightly. Both techniques,
increasing and decreasing induc-
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tance, are claimed to improve the elec-
trical properties of the cables. In the
following discussion, it should be ap-
parent that neither of these techniques
makes much difference at audio fre-
quencies.

A review of Table | is interesting
since it shows that something quite
drastic has to be done to the geometry
of the cable before its inductance or
capacitance per unit length changes
very much. The normal cables, even
including the welding-cable pair, have
values of inductance and capacitance
within a factor of about 2. The resis-
tance of the thicker wires, of course,
goes down greatly. Skin-depth phe-
nomena have only a slight effect on
copper wires at audio frequencies. The
skin depth for copper at 20 kHz is
about 0.5 mm. Thus, wires larger than
No. 14 gauge will have a resistance, at
20 kHz, slightly higher than the d.c.
value. The ratio of the 20 kHz to d.c.
resistance is given in Table |.

The wire listed as No. 12 zip cord is
a high-quality extension-cord style of
construction with slightly greater than
normal spacing. Thus, it has a slightly
higher series inductance compared to
domestic zip cord. This cable and the
welding type fall just slightly outside
the range of values for normal wires
(one above and one below).

The issue of Litz-type wire construc-
tion, using a multitude of tiny strands,
could be discussed at length, but at
this point, let it be said that the topic is
largely irrelevant at audio frequencies.
There simply is no significance to "skin
effect” at audio frequencies, and wires
which purport to fix this effect usually
do not do so in any case.

Spacing the wire pair more closely
has the advantage of reducing the se-
ries inductance. Unfortunately, this
tactic also increases the shunt capaci-
tance substantially. Various braided
cables seem to attain a reduction of
three or four times in the series induc-
tance, but show a rise of 10 to 20 times
in the capacitance. Whether the ad-
vantages of this type of construction
outweigh the disadvantages will be
considered later. Some users have
suggested spacing wires farther apart
to give less “interaction” between the
wires. However, it is well known that
the inductance of a cable rises as the
wires are spaced farther apart. This
effect is shown in Table Il. Spaced
wires not only interact more with each
other but also show crosstalk with oth-
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SOME OF THE SPECIAL
cable designs increase
inductance while others
decrease it. Either way,
enhanced performance is
the claimed result of
such a change.

er nearby pairs. Spacing the wires of-
fers no advantages whatever and sev-
eral serious disadvantages. This con-
figuration should never be used and
will not be considered further here.

Some regular coaxial cables have
attractive values of inductance and ca-
pacitance, However, only a few of the
larger sizes have large enough con-
ductors to make them useful for loud-
speaker connections. Standard RG-9
has been included in Table I. One
sample of a special coaxial cable con-
sisting of two concentric cylinders of
stranded wire has been included as
well. This coaxial cable is of No. 12
gauge and is specifically designed for
low-impedance transmission-line pur-
poses.

Cables as Transmission Lines

When considering cables as trans-
mission lines, thoughts come to mind
of characteristic impedance, termina-
tion, matching, reflections, and fre-
quency dispersion. All of these are val-
id concepts, but they are not usually
considered for very short transmission
lines. And indeed, any reasonable-

length loudspeaker cable is a very
short line. The wavelength of a 20-kHz
signal is about 10 miles (16 km). Thus,
a 10-meter cable is 1/1,500 of a wave-
length. Any fluctuations in the signal
caused by reflections at the ends of
this cable will take place at a frequen-
cy of 30 MHz. Or, to look at it another
way, 1,500 iterations toward the final
voltage distribution in the cable will
take place every cycle at 20 kHz. One
must conclude that there are absolute-
ly no audio frequency effects related to
these reflections for cables of any rea-
sonable length.

It is fortunate that reflections in loud-
speaker cables are irrelevant, since
they are never matched at either the
amplifier or the loudspeaker ends. In
practice, both the source and the load
are quite complex and frequency de-
pendent. Nevertheless, it is interesting
to take a look at the characteristic im-
pedance of a typical loudspeaker ca-
ble, which is also quite complex.

The characteristic impedance of a
transmission line is given by:

i (H+jmi__)"’
97 \G + juC

where R is the line resistance per unit
length, L is the series inductance per
unit length, C is the shunt capacitance
per unit length, and G is the shunt
conductance per unit length. Of the
two constants, j is the square root of
-1 and v is equal to two times the
frequency.

For all practical loudspeaker cables,
G equals 0. Thus, for high freguencies,
where wl >> R, we have:

L\*
Zon = (c)

This is an impedance called the char-
acteristic impedance. It is given for se-
lected cables in Table |. For low fre-
quencies, where wl << R, we have:

R\
Zo = (]f.u_C)

This expression is the correct one for
frequencies which fall below a value f,,
which can be defined as R divided by
27L, and which is typically somewhere
in the middle to upper audio band. For
the physically smaller normal cables,
fn is about 13 kHz; it is about 520 Hz
for physically larger welding cable, 40
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kHz for braided cable, 30 kHz for cylin-
drical coaxial cable, and about 26 kHz
for regular coaxial cable.

Table I—Typical loudspeaker cable parameters. The ratio in

the fifth column is impedance divided by d.c. resistance.

For frequencies well above f., the R
cable behaves more ideally in the Inductance, Capacitance, Resistance, 2t  Zg,,
sense that there is no frequency dis-  Cable Type pwH/m pF/m Ohms/m Rec. Ohms
persion in the line, and the impedance g 18 zip cord 0.52 58 0.042 1.05 95
fes feacid @ g o el e N tpdpad. 0@ n oom 15 108
pedance is complex, and the line con- :u. 1; spaal;ar cal;:e g;g ?é gg}ﬁ lg 3;
tributes some frequency dispersion to 0+ & SPeaKer cabie ' - .
the signal. When there is dispersion in  N0. 12 zip cord 0.62 49 0.01 1.5 M2
the line, the high frequencies arrive at ~ Welding cable 0.32 88 0.001 4.0 . 60
the end of the line ahead of the low  Braided cable 0.10 1,630 0.026 1.0 8
frequencies. This happens because  Coaxial dual cylindrical 0.052 580 0.01 1.0 9
the line's series inductive reactance is  Coaxial RG-9 0.075 30 0.013 s 50

too small compared to its resistance,
The principles of transmission-line the-
ory require that for purely distortion-
less transmission:

R_G Table Il—Parameters of spaced wires for No.12 gauge wire.
ki

x Wire Spacing, Inductance, Capacitance,

Since G equals 0 for typical audio ca- mm pH/m pF/m
bles, it is impossible to make the line 0.4 0.39 76
perfect. However, R should be made 1.0 0.86 34
small and C should be made small as 2.0 1.27 24
well. When this has been done to the 4.0 1.67 17
greatest extent possible, then L should BID 2'07 14

be made larger. The telephone com- 16‘0 2.48 12
pany does just this by inserting loading d -

coils in long lines to reduce dispersion 3.5m 50.00 1

distortion.

It would appear that reducing series
inductance, as some special cables
do, does not make much sense from a
transmission-line viewpoint. When ca- Table Ill—Dispersion characteristics of selected loudspeaker cables,
ATt L RSN TS Rl in order of dispersion, showing propagation velocity at two frequencies
ment circuits, however, there are some and the delay difference between them.
good reasons to decrease all of the
elements as much as possible; this will V,(100Hz),  V,(10kHz),  Delay Difference,
be discussed below. First, it is interest-  cable Type m'S m/S S/m
ing to calculate the dispersion for

; No. 12 wires (4-cm spacing)  8.15 x 107 1.87 x 10° 0.69 x 10°°

g?nrgg glp'ﬁaildslggglfgei‘;%e: agﬁifv Coaxial RG-9 567 x 107  4.76 x 10° 1.55 x 107
some amount of loss and some disper- No. 12 Zip cord 492 x 10? 2.57 x 10' 1.64 x 10—!
sion, a vital question to be answered  No. 12 speaker cable 4.03 x 10’ 1.78 x 108 1.92 x 107°
is: How much? No. 18 zip cord 2.28 x 107 1.59 x 10° 3.76 x 10~*
To determine the difference in the  Coaxial dual cylindrical 1.45 x 107 1.24 x 10° 6.09 x 107°
arrival times of the high frequencies  Braided cable 5.45 x 10°  4.84 x 107 16.30 x 107°

compared to the low frequencies, we
need to find the group velocity of the
transmitted signal. This is given by:

2mf
V=
Hpires "3
where
1 ] : Ve
B = (é) [(ZY)"" + BX — GB]
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and

Z =R+ julL
Y =G + juC
B = wC

X = wl

For G equals 0,

(;)@ [mc {(RE + ol%)” + wL] ]'/2

Dispersion characteristics for selected
cables are shown in Table Il for fre-
quencies of 100 Hz and 10 kHz. From
the Table, it is apparent that for a 10-
meter cable, the delay differences are
only a fraction of a microsecond—ex-
cept for the braided construction,
which is a little worse. In any case, the
delay time, or frequency dispersion, is
certainly not a problem for loudspeak-
er cables of any reasonable length.
Before going on to the lumped pa-
rameter treatment of short lines, we
should make one additional general
observation about transmission lines.
A line will look much like a shunt ca-
pacitance when it is loaded with an
impedance much higher than its char-
acteristic impedance, and it will look
like a series inductance when loaded
by an impedance much lower than its
characteristic impedance. Almost all
loudspeaker cables are loaded ac-
cording to the latter criterion. In gener-
al, playing numbers games with the
high-frequency value of characteristic
impedance for short cables at audio
frequencies is largely useless.

B=

Cables as Lumped Lines

It should be clear that treating loud-
speaker cables as transmission lines,
while interesting, is not of much direct

AMPLIFIER

LOUDSPEAKER
T¢ B

Fig. 1—Amplifier/cable/loudspeaker circuit using
lumped circuit elements to represent the
properties of the cable. Typical R, L, and ¢
values for cables 10 meters long are given in
Table IV.
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WITH THE MAJORITY OF
cables, 100-Hz and 10-kHz
signals do not actually
arrive at the same time.
However, their arrival
times are only fractions
of a microsecond apart.

design value. The loads are complex,
the lines very short, and the frequen-
cies too low to allow easy, ideal treat-
ment. Exact treatment is more complex
than is warranted. In this section, loud-
speaker cables will be treated as wire
pairs that can be represented as lump-
ed element equivalent circuits. This
method will give reasonable design
guidance and intuitively sensible re-
sults. A satisfactory eguivalent circuit
for an amplifier/cable/loudspeaker cir-
cuit is shown in Fig. 1. In order to have
convenient numbers to use for exam-
ples, the values for typical cables 10
meters in length are given in Table IV,
Applications using shorter or longer
cables can be scaled up or down from
these examples.

There are at least two major interac-
tions to consider in the system shown
in Fig. 1. One is the interaction of the
amplifier with the total load, including
the cable; the other is the interaction of
the loudspeaker with the amplifier, in-
cluding the cable. Since the system is
so tightly coupled, some consideration
to the nature of Z5 and Z, must be
given. While it is not possible to con-

sider all possible cases, certain more
common ones will be discussed. First
consider the amplifier end of the high-
fidelity system.

An ideal amplifier would be a voltage
source with a Zg of zero. In fact, many
high-quality amplifiers come very close
to this ideal. At low and middle fre-
quencies, the output resistance of an
amplifier will typically be less than 0.05
ohm, with a rise to 0.2 ohm at the very
highest frequencies. The output will
usually be slightly inductive. Often a
series inductance of 2 uH will be used
to isolate the amplifier feedback loop
from capacitive loads. This inductance
is 0.25 ohm reactive at 20 kHz. A good
amplifier should be stable for any load,
including capacitive loads.

Since even the worst of the cables is
only 0.2 wF for 10 meters, such a cable
should not cause a good amplifier to
become unstable or to ring. It would
take 35 wF to resonate 2 pH at 20 kHz.
Thus, amplifier/cable interaction prob-
lems in the audio band are not likely.
However, it is known that some ampli-
fiers will not tolerate even slightly ca-
pacitive loads. This is an amplifier de-
sign problem, not a cable problem,
and should be dealt with at that level. It
is easy to test amplifiers for load sensi-
tivity problems, and those amps that
are not satisfactory should be eliminat-
ed. We will assume that the amplifier/
cable interface question is settled by
using a "good" amplifier. The problem
of fuse-protecting the output circuit is
not trivial and will be discussed later.

With a good amplifier in place, the
remaining electrical problems are re-
lated to how the loudspeaker loads the
cable and interacts with it. It is possi-
ble to simplify the equivalent circuit a
bit with the assumption that the amplifi-
er can, at the very least, drive the ca-
ble capacitance. An appropriate’ cir-
cuit is shown in Fig. 2. While the values
of the series resistance and induc-

Vo

L

Fig. 2—Simplified circuit for a “good” amplifier
driving a cable and loudspeaker load. Critical
Jrequencies for this circuit are summarized in
Table V.
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tance for the cable are easily mea-
sured, well known, and well behaved,
such is not true of the load. The sim-
plest equivalent circuit for a loud-
speaker will be a series resistor/induc-
tor combination. But real loudspeakers
consist of crossover networks with in-
ductors, capacitors, resistors, trans-
formers, and voice-coils, all in some
complex combination. Fortunately, it is
not necessary to consider all possible
combinations but only some limiting,
worst cases. At low frequencies, most
loudspeakers become mainly resistive,
and some have a rather low value of
resistance. Often the lowest value is
below the rated impedance. Let us as-
sume that this value never gets lower
than one-half the rated impedance. If
the loudspeaker becomes inductive at
higher frequencies, as most cone-type
drivers do, there should be no prob-
lems worse than the low-frequency
problems. It is possible, however, with
capacitive tweeters, ribbons, or some
more unusual tweeters to have low-
impedance effects in the loudspeaker
at the high frequencies. It will therefore
be wise to investigate resistive, capac-
itive, and inductive loads at about one-
half the rated impedance at the high-
frequency end of the spectrum as well.
The low-frequency end of the spec-
trum will be taken as 20 Hz and the
high-frequency end as 20 kHz.

Using the simplified equivalent cir-
cuit of Fig. 2, several frequencies of
interest have been calculated. The first
is the upper corner frequency for a
load that is low and resistive at very
high frequencies. While this is not a
likely load, it is a worst possible case. It
is the case for which the cable series
inductance causes a roll-off of the high
frequencies. For any realistic load, with
some inductance, the cable induc-
tance will be entirely swamped out by
the load, of course. A second is the
frequency at which the cable induc-
tance and a highly capacitive load will
resonate. The capacitive load is cho-
sen as 4 pF, which would correspond
to a 2-ohm impedance at 20 kHz.
While such a load is quite unreason-
able, it represents a possible worst
case. The frequencies given in Table V
thus represent the lowest possible val-
ues for about the worst possible load-
ing one could consider driving. All of
the frequencies are well above the au-
dio spectrum. However, they are not so
high that if the cable lengths were dou-
bled, they would be of no interest at all.
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Table IV—Lumped element values for 10-meter lengths of cable.

Inductance, Capacitance, D.C. Resistance, Impedance
Cable Type KH pF Ohms (20 kHz), Ohms
No. 18 zip cord 5.2 580 0.42 0.44
No. 16 zip cord 6.0 510 0.26 0.30
No. 14 speaker cable 4.3 570 0.16 0.21
No. 12 speaker cable 3.9 760 0.10 0.15
No. 12 zip cord 6.2 490 0.10 0.15
Welding cable 3.2 880 0.01 0.04
Braided cable 1.0 16,300 0.26 0.26
Coaxial dual cylindrical 0.5 580 0.10 0.10
Coaxial RG-9 0.75 300 0.13 0.13

Table V—Frequency limitations for 10-meter lengths of cable

with various loads.

Upper Corner Resonant Measured Phase

M Frequellllcy, kHz, Ane;lse at 20 kHz,
Cable Type 2-0hm Load 4-Ohm Load  for 4-wF Load  for 4-Ohm Load
No. 18 zip cord 75 136 35 3z
No. 16 zip cord 61 114 32 2
No. 14 speaker cable 82 156 38 i
No. 12 speaker cable 88 169 40 .52
No. 12 zip cord 55 106 32 4°
Welding cable 100 200 44 1.5°
Braided cable 360 680 80 1@
Coaxial dual cylindrical 670 1,300 112
Coaxial RG-9 450 880 92

Table Vi—Worst-case distortion for power bursts just short of those

necessary to burn out the fuse at any frequency.

Load 5 Amperes 3 Amperes 2 Amperes
8 Ohms 0.5% 2.0%
4 Ohms 1.0% 4.0%




It appears that, as common sense

would tell us, one should not try to.

drive a loudspeaker of very low imped-
ance at great distances, or that one
should use higher impedance loud-
speakers if long cables are necessary.
With most normal listening room situa-
tions, the cables will be short enough
so that no audio frequency problems
arise from the loudspeaker cables. It is
interesting to note that changing to
larger wire has little effect on the high-
frequency resonance or fall-off fre-
quencies. Those frequencies are con-
trolled by the series inductance. Thus,
there is some rationale for using cables
that have low series inductance. Stan-
dard coaxial construction of the cable
seems to give all of the advantages of
low series inductance without the seri-
ous disadvantages of high shunt ca-
pacitance,

Since most loudspeakers have their
lowest impedance at low frequencies,
there are some advantages in using
physically larger wire, with its lower
series resistance. One advantage is
reducing losses of power in the con-
necting wire; another is preserving the
high damping factor of the power am-
plifier. It seems unlikely that for runs of
under 30 meters and with normal loud-
speakers, there is any reason to use
wire larger than No. 12 gauge for even
the highest fidelity applications.

A large number of cables with resis-
tive, capacitive, and real loudspeaker
loads were measured using sensitive,
broad-band, difference amplifier tech-
nigues. Resistive loads were more diffi-
cult to drive than typical loudspeakers.
Capacitive loads were slightly more

difficult still. Electrical problems of any-

kind (that is, phase shift, attenuation,
dispersion, etc.) with 10-meter cables
driving normal loudspeakers were just
barely measurable using these refined
measurement techniques. Absolutely
no audible problems could be heard.
The best solution to cable problems by
far is to move the amplifier to the loud-
speaker, thus making the cable very
short.

Loudspeaker Considerations

When discussing wires used to con-
nect amplifiers to loudspeakers, it
would be wise to consider the residual
effect of the wiring within the loud-
speaker itself. At low frequencies, the
worst offender is the series resistance
of the low-pass crossover filter—in ad-
dition to the voice-coil resistance, of
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IF YOU DETERMINE
the absolute worst-case
frequency limits for

a 10-meter-long run of
cable, the effects will
occur at frequencies
well above audibility.

course. After all, 20 meters of No. 18
wire in an inductor introduces just as
much resistance as 10 meters of No.
18 connecting cable from the amp to
the speaker and back again. With es-
sentially all loudspeakers that have in-
ternal crossovers and/or level-control
pads, the internal resistance and in-
ductance totally swamp out any possi=
ble small effects due to the connecting
cable. These internal resistances of the
crossovers and pads in a typical loud-
speaker generally obviate the useful-
ness of the high damping factor of a
typical amplifier. The only way to get
the amplifier signal directly to the
voice-coil is to use crossovers ahead
of the amplifiers and multiple amplifi-
ers. In very high-guality systems, elimi-
nation of the internal passive cross-
overs is a step that might be taken to
obtain improvement of the sound.
Therefore, very good advice for im-
proving a system and essentially elimi-
nating cable concerns is to place the
amplifiers at the loudspeaker and elim-
inate the crossovers by multi-amplify-
ing the system with electronic cross-
overs. The problem of getting the low-

level signal to the amplifier from the
source is relatively simple, since the
impedance levels are relatively high
and excellent coaxial cables have
been available for many decades. This
tactic also moves the power-level sig-
nals, hum, heat, and the like away from
the signal sources and preamplifiers.
Many of these practices are normal,
good engineering methods and are
commonly found in professional audio
systems.
Fusing the Output Circuit

All of the above problems have been
concerned with linear circuit elements.
Ideally, the fuses used in the output
circuit would be linear resistors as well.
However, since they have to get hot,
and melt, to burn out, they are actually
nonlinear elements in the output cir-
cuit. If fuses are to be useful, they must
blow out when the system is used at
some specified power level over the
maximum desired. Typically, a fuse will
increase in resistance to about three or
four times its cold value just short of
burnout. At 60% of full load, it will in-
crease to about twice its cold value. A
typical fuse blow-out cycle is shown in
Fig. 3; the resistance change per cycle
is clearly evident. The calculations and
measurements of this section show
some possible problems with distortion
caused by these changes in the fuse
during normal program reproduction.

VOLTAGE

A

-

CURRENT

Fig. 3—Fuse-burnout cycle for a 20-Hz signal
large enough to cause burnout in about 0.8 5.
In this reproduction of an oscilloscope trace, the
substantial change in the slope of the voltage-
current curve indicates a large resistance change
as the fuse element heals up.
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Using the simple circuit of Fig. 4, it
can be shown that for a typical, regu-
lar-speed fuse of the tubular type, the
distortion produced could reach the
values in Table VI. These figures repre-
sent intermodulation distortion for any
frequency when the output circuit is
pulsed with power bursts just short of
fuse burnout. Typical measured modu-
lation of a high-frequency signal when
pulsed with tone bursts that are set at
60% of burnout are shown in Fig. 5.
This Figure shows the oscilloscope
trace of a 5-kHz signal modulated by
20-Hz tone bursts. The tone bursts
have been filtered out to show only the
5-kHz modulated signal. The heating
and cooling cycle of the fuse is clearly
visible. The time constants of typical
fuses are such that this heat and, con-
sequently, resistance cycling can take
place for normal musical beats at low
frequencies. To minimize interaction of
this type across the frequency spec-
trum, it would seem wise to provide
separate fuses for each frequency
range of a multi-way system. Fast-blow
fuses are worse than regular fuses
since they change temperature 10
times more quickly. There is no solu-
tion to this problem except overfusing
or not using fuses at all, uniess the

Re
Foy
Vo R

Fig. 4—Circuil for the series fuse often used for
Speaker frrofection. Possible worsl-case distortion
Sfigures for this circuit are given in Table VI
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Fig. 5—Cycling of fuse resistance with a 5-kHz
signal and a 20-Hz tone burst, In this
reproduction of an oscilloscope trace, the burst is
on for eight cycles and off Jor 32 cycles, at 60%
of the amplitude that would cause burnout.
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BY FAR THE BEST WAY
to remedy cable problems
is simply to move your
amplifier closer to the
loudspeakers, thus making
the connecting cable as
short as possible.

fuses are included within the feedback
loop. This can be done, of course, by
putting the fuses in the power-supply
bus or even within the normal feed-
back loop.

Conclusion

It has been shown that loudspeaker
cables need not be treated as trans-
mission lines. It has also been shown
that, in fact, transmission-line theory
can give misleading results for very
short lines, and that short lines should
be treated as lumped lines. On the
other hand, with poor choice of load
and with longer cables, there may be
some defects in phase or frequency
response or some resonances intro-
duced in the extreme upper audio fre-
quency range.

It is clear that normal cables are suit-
able, and essentially perfect, com-
pared to other defects in the transmis-
sion system—not the least of which is
the loudspeaker crossover network
and level-pad arrangement.

The use of special cables, including
normal coaxial cable, is not warranted
except in a few extraordinary applica-

tions. And in those particular applica-
tions, short runs of cable would be a
better solution.

Retrospect, 1989

There has been a great deal of inter-
est in cables and interconnects in the
years since this article was originally
published. In fact, a whole industry has
appeared. A number of new cable de-
signs have appeared which have
slightly different characteristics from
the “standard” cables. Interestingly,
these designs have gone in both direc-
tions at once, in that some increase
inductance and some decrease it,
some increase capacitance and some
decrease it, some lower the imped-
ance and some increase it, some re-
duce the time dispersion and some
increase it, and so forth.

| have seen no scientific or statisti-
cally significant studies which show
that all of the different designs have
any significant or audible effect what-
ever on the transmission of audio fre-
guencies in these cables. This is not to
say, however, that there are not some
common and sensible precautions
which should be taken when wiring a
system. | would recommend the follow-
ing for consideration:

Choose a cable that has reasonably
low resistance—say, less than 5% of
the lowest resistance of the loudspeak-
er at any frequency. Choose a twisted
pair of wires to reduce or eliminate any
possible crosstalk between wire pairs
or from parallel power cords. Make
connections on each end with proper
spade lugs or screw terminals which
can be firmly tightened. Additionally, it

-is a good idea with any cable—be it for

loudspeakers or other interconnec-
tions—to look for a mechanically
sound connector. Too many connec-
tors are mechanically unreliable, with
possibly one of the worst being the
common RCA phono connector used
on consumer equipment. Professional
equipment uses XLR or BNC connec-
tors, for good reason. Gold-plating is
quite common today and certainly
does no harm.

Recognize that while the sonic ef-
fects of cables have not been scientifi-
cally verified, it does no harm to use
good-quality, more or less normal, ca-
bles. These are commonly available at
modest cost, and their application
gives psychological, and perhaps psy-
choacoustical, satisfaction, which is of
some value. A
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