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'REFLECTIONS, ECHOES, & MUSIC

Hervé Delétraz examines whether impedance matching
in audio is myth or reality

use audiophile cables in my system, and [ have no

doubt about the improvement in quality they bring

to my hi-h gear. As an elecronic designer, however,
I was always intrigued by the fact that the difterences in
Soumi l"(‘TWCl.’:li E,Uod '.nlu_l l‘l'.ld L‘al!lr.‘\ cnuid not l‘K' llwasuu.‘d,
or even “scenttheally” explaned.

Low-capacitance and/or inductance cables are often
chimed in advertisements to sound better. Special dielectnes
and wire shapes, twisted pairs or thin, bradded wires, Liz
configurations, and so on—all are described as being better.
But are they? 1 will ary to provide some of the answens to
that question in this article.

Because T've tried to keep my explanations as sumple
as possible, 1 apologize in advance to the skilled clec-
tronic guys who will find this article a bit simphstic. But
as Stereophile reaches the worldwide audiophile commu-
nity, | guess that others will find 1t a bit hard to under-

§ A rousic Jover for 25 years and an electrome cupneer based i Swazetland,
Hetvt Delétraz's first piece of wonng for Strvophile was a six-pan on=hne amicle
desnbing the evolution of an nmgnng DIY power unphfier desgn, It can be
foand 21 werwsterrophile com shownews.on 25, RI2 CHIG, Bl B51 and 857

stand. ['ll be glad to personally answer their questions at
deletraz@bluewin.ch.

Another thing: Because 1ive in Europe, I'm used to work-
ing with the metmc system, aka MKSA (meter, kilo, second,
ampere) notaton. Theretore, the symbol used here for V(olt)
is U, A(mpere) is I, W(att) s LU is defined as » potennal
ditterence 1 volts, “I7 s the current Intensity in amperes,
and *P” as the clectrical power i warts.

Transmission Lines

,\-LIIL'}I'III:._'\ Iii]}lu'li.ill\'('\ s \!L‘ ri;-,cur ?n I'.uﬁl - h‘&‘lllh".tl k' 1‘ln‘|'-
tronics, bur is very rare n components intended to handle
audio frequenaies. Manufacturers build their components
with low outpur impedances for sources ke CI) players,
tuners, preamphficrs and so on, high mput impedances for
preamplificrs and power amplifiers.

Definitions: Though most of us know about nopedance,
ew really know what 1t means. Impedance (Z) 15 0 an
alternating currene (AC) signal what resistance (R) is to
direct current (DC) signal. So, it R = Up/Ipe, 2=
U1, . Both R and Z are measured in ohms (Q}. The




main difference between R and Z 1s that Z can vary with fre-
quency — somethinf you can see, for example, in a loud-
speaker’s impedance curve.

An decrical transmission line can be defined as being a
device allowing an electrical signal to travel from point A to
point B. In the i-fi world, it simply means that a transmis-
sion line 1, in fact, two or more wires that will let the audio

signal pass from a source to a receptor.

Electrical transmission: Let's take the simplest clectrical
line —say, two copper wires, a and b, characterized by:

a
b
L = Total line length in meters, where L = La + b (m)
S = Section (area) of the copper wires used (m2)
R = Total line resistance, where R equals Ra + Rb Q)
2 or 3 wares kine

l;.l wﬁmmmmmda

For now, the parasitic capacitance and inductance are ig-
nored. With a real circuit (fig.1), in order to minimize the
perturbation effects of the line, it is usual to arrange that the
t of the source and the receptor are as shown.
Almost all hi-fi systems use this arrangement: low output
impedance, high input impedance. The minimum ratio for
T compatbility is 10 or higher, as stated above. Input
~and output wnpedances in wbe machines are generally of
w than those in transistor designs, meaning that 2
] CD player output stage will easily drive a tubed
~ preamp, but a twbed CD player's output could have some
- problem driving a professional, low-input-impedance solid-

~ Perturbations due to the Transmission Line: When
- hooking two hi-fi devices together, we generally don’t know
- much the charactenistcs of the cable we use. We may
~ have been told cthat the cable is the best-sounding on Earth,
- that its insulation is made from very good dielectric materi-
~al, that the wires are made from pure copper or silver, and
- thatwe paid a lot of bucks per foot for it. We are hardly ever
~ told what the capacitance and inductance are per meter.
- After all, if the sound is who cares?
- Atthe other end are the professional audio people, who
__fpbeﬁcndntmppcriscmramidxrrforth:ydw
- cable made?af wi:cadjnokcdxapr coppe
A a 15 . cr r or
atinum, its parallel wires behave as a transmission line
ch the signal travels step by step. In the line, the sig-

| then from the input to the output. That
signal is called a propagation wave.

23 the equivalent arcuit of a real transmission

s ¢ w the theoretical one shown carlier). In

o & W ify the diagram, only one wire is drawn.
eturn wire s represented by the ground path.) In a sym-

metrical line, the top half of the diagram would be mirrored
for the cold signal or reeurn half, but the prinaple remains
the same.

Fig2 Equwalent arcuit of a real transmission line.

You can casily sce that a real transtmission hne 1s much more |

cor than the two-wires model. In order to better under-

that the signal is propagating through the line as a wave,
we also need w ke into account the parasitic aspects of the
line: the speafic capaatance and the spedific inductance.

Ths relative complexaty partially explains why most cable
manufacturers don't reveal too much about their products.
In fact, any cable can be represented by ﬁg.}!:

Farsg, let us consider that the cable is purely resistive, The
parasitic itance and inductance can therefore be
w ﬁ;ﬂm easy to calculate the aignal level at
input of the receptor:

U =U (VI

Re+Zo+ 4

With: U, = Output source voltage without load
U, = Inpuf receptor voltage when the line 1s
connected
R, = Totai senes resistance of the cable
(neghgible for L < 20m.)

A quick computation shows that if Zi/Zo = 10, the atten-
uation factor is about 0.83dB, provided that the cable resis-
tance itself 1s far lower than those of the source and recepror
mvolved.

In this case, if we consider the two-wires model, the
artenuation is constant throughout the entire audio freg-
uency range and does not affect the frequency response.

A real transmission line
is much more complex
than the two-wires model.

Now rake a look at the real, physical parameters of the
transmission line — simply put, its intrinsic im
Important wote: Contrary to common belief, the frequency re-
sponse does not depend on the parasitic capacitance and/or para-
sitic inductance!
It's well known in the audiophile community that high
capaatance and/or high inductance of the cable by itself can
affect the signal response. Wrong! In fact, onc must
think of a cable y as one thinks of the transmussion line
described in fig.2, where each portion of length is made of a




partial series inductance Lxs, a partial series resistance Rxs, a
partial parallel capacitance Cxp, and, finally, a partial parallel
resistance Rxp, where the x varies from 1 to N for N parts
composing the entire line.

In order to avoid mathematical complication not needed
here, one can imagine that each portion of the line stores the
energy before releasing it in the next portion. 1¢s like a
human chain extnguishing a fire by passing buckets of
water from hand to —if everyone is careful, no drop of
water is spilled. In fig2, this ideal situation can be obtained

) however, losses due to impertect materials lead
to additional attenuation. But the intrinsic bandwidth of any
able is as high as several megahertz (MHz), a thousand
times the best ared audiophile’s upper heanng limit.

So why explain all of the above if all cables can fmmllv
such high frequencies, and why care about the matching
impedance, provided that Zi/Zo is greater than 107 The in-
trinsic bandwidth 1s the key thing here. As the cable be-

Matching impedance is
the only way to avoid
echoes and data loss.

haves like a transmission line, it has practically unhmited
bandwidth only when correctly matched in impedance.

Before going further, a short detour into another well-
known world could help.

A Brief Digital Detour
wtll Links: The confirmed audiophile knows that
true 75 ohm S/PDIF cables can offer good data trans-
mission between a CD transport and 1ts assocated 1)/A
converter. This 75 ohm figure 1s called the cable’s intrin-
sic
1n the same manner, the networks used to link computers
- aboneed the use of specific cables with determined mtrinsic
' Wmaﬁﬁmhmﬁmhngm‘dﬁe
feceptor t the very same impedance. When care
8 not taken that those impedances arc identical, parasitic
echoes will smear the signal, introducing daea errors.
Matching impedance is the only way 1o avoid echoes and
data loss, Later, we will see how and why.

- The Sound Cables: Anyone, audiophile or nor,
i ﬂ'ho ases different S/PDIF cables can hear differences
; “‘i them. How is this possible? After all, ones and zeros

~ The main reason digital cables sound different is because
. they aren’t always pertectly matched. Cables rated ar 750
© £ are tricky to manufacture, and can introduce Jiter due
1o the echoes resulting from the mismatched impedances
- smearing the datastream, In the extreme case, these echoes
- ain lead to misinterpretation — a “17 can be taken for a “0,”

m Matching Impedance: Why march digital lines
A good question. In the digital domain, the frequencies
w: in the MHz range, so even a very small echo
- leads to data smearing, In the domain, the frequency
- tange is 500-1000 times lower, so the problem of c:iu'hocs is

U b
)

)

very small. It is arguable whether or not the ear can detect
such small anomalies?

Intrinsic Cable

Calculation

A cable’s intrinsic it

physical dimensions. This impedance is defined by the lincar

capacitance and the linear inductance, given i Farads per

meter (F/m) and Henrys per meter (H/m), respectively.
Ongce again, Il skip the mathematical demonstration and

go dircetly to Formula 3, which gives a cable’s intrinsic @

impedance:
L
- 13
L = . (€]
Cl-
Where: 7. = Intnnsic impedance of cable [€2]
L = Linear inductance of cable [H/m]
C = Linear capaatance of cable [F/m|

Unfortunately, Ifs not casy to get hold of a cable’s linear
arasitic values. Very few audio manufacturers give our that
{:.ind of i ion, simply because they are much less im-
pressive than such words as “pure,” *fast,” “transparent,” and
SO On.

High-frequency cables, like those used for TV or FM
antenna feeds, clearly display therr mtnnsic impedance.
Manutacturers even give the linear capacitance, sometimes
indirectly as a cable’s propagation time in nanoscconds
per meter (ns/m).

The hinear figures act directly on the propagation ame.

The more capacitive and/or inductive a cable 1s, the greater 3

the propagation time is. As this propagation time can be scen
to be a pure delay, you can now better grasp the fact that
the cable’s bandwidth does not depend on them.

For mﬁn cables, the propagation aime is around 5ns/m,
corresponding to a ion speed of 2 x 10¥%m/s, or
two-thirds the cpcccl nl‘!:'ght.

The propaganon speed is given by Formula 4:

1
vV = ——— [m/s]
L,C,
Where: V= Speed of the propagation wave (m/s)
L, = Linear inductance of cable (H/m)
C, = Linear capacitance of cable (F/m)

Calculation According to Physical Dimensions:
Because the electrical data are often missing, one can use a
different way to figure a cable’s intrinsic impedance — by
measuring its physical dimensions.

This method requires some care if one wants to
obtain accurate results, but is very useful when one
needs to know a cable’s impedance. The advantage is
that the intrinsic impedance does not depend on a
cable’s length: consequently, only a few measurements
are nccdcdg.

ing to Manufacturer Specifications: i »
e mostly depends on the cable’s ™




& Coaxial Cylile:

C

Fig3 Coamal cable construction.

1
= I"‘Olpf 1 b
L = o v [?] (2]

With: 7, = Intrinsic impedance of cable [
Mo = Inductance constant = 1.256 x 10%
(Axs)/(Vxm)
, = Relative permtavity, here pir = |
E, = Influence constant = 8.859 x 1012

(Vx s)/(Axm)
E, = Relatve dielectric factor, here
Er= 2 (PVC, plastic, Teflon)
a = Central conductor radius (m)
b = Intemnal shield radius (m)

It is possible to obscrve that the impedance is directly
dependent on the b/a ratio. A small-diameter cable could
have the same impedance as a thicker one, provided the cen-
mal conductor is proportionally thinner, thus keeping the
same b/a ratio.

If only small power is involved, a very thin cable could be
used with no degradation of performance.

B) Bifilar Cable:

1

|

With:  Zc = Intnnsic impedance of cable (]
Ho = Inductance constant = 1.256 x 10¢
(A xs)/(Vxm)
pr = Relative permittmaty, here pr == |
Eo = Influence constant = 8.859 x 1012

Er = Relatve dielectric factor, here

(Er = 2 (PVC, plastic, Teflon)
a = Conductor radius [m]
D = Distance between conductors [m]

Omgce agam, you can see that the impedance depends on

the physical distance hetween the conductors.

Intrinsic impedance of typical cables:

Coaxial cable RJ58 50 (]

Coaxial cable RJI59 75 [€2]
(S/PDIF datalink)

DNM speaker cable 288 (9]

Typical speaker cable (Monster) 117 (]

OCOS (coaxial) speaker cable 60 [Q]

Typical Klotz microphone cable 150 [*]

Iinportant note: The theoretical fower limit for a bifilar cable s
about 60 ohms, as that is the value reached when the two vares touch,
A coaxial cable, however, can have an impedance as low as 0 ohm,
provided its dielectric insulation is made of infinitely thin material
This timt, too, is theoretical

True Impedance Matching of an Audio Line

Concept: We are here reaching the heart of this arnde. As
deseribed earlier, the term “tme umpedance matching™ 15 1in
tact refernng to the power impedance matching. Then we
saw that the rano between source and receptor s generally

Zi/Zo =10. When applying the power-matching concepr, ¢

the following principle is used:
Zi=Zy = Zeapie

Note: In using such a rano, the signal attensation wnll be 64B, and
not the 0.83dB in fig 1. This small cavear is the price to pay with this
keinid of linking. ‘The solution s o tum up the volume s _”{Jf}',

Propagation Wave Reflections: When the impedance 1s
mismatched, a part of the outgoing signal from the source is
reflecred by the receptor.

In order to better show dus phenomenon, we conducted
all the following measurements using a 75 ohm coaxial cable
100m long. This cable had a propagation time of 5ns/m, or
about 500ns for the signal to travel from the source o the
TcCeptor.

¢ reflection ratio of the generated propagation wave is
given as follows:

Where: O = Reflection coefficient (ratio)
7

Raorentar lnad imnadamen el

(Vxs)/(Axm)

LR o

—— — —



; The source im is not taken into account because
J; 2 source mismatch will act on the signal attenuation, not on
. the reflections themselves.

Formula 8 shows that even a slight deviation already gen-
crates reflections, or echoes; it wall be of primary importance
to keep the nominal values as tght as possible, in order
maintain the deviaton within 1-3%. Furthermore, a sym-
metnical deviaton leads o asymmetrical reflection ranos.
Thus, +3% in the re r impedance corresponds to +1.4%
reflection, while —3% leads 1o -1.5% of reflection.

The impedance of high-end digital S/PDIF cables is gen-
crally 75Q +2 ohms, representng a tolerance of 2.7%,
resulting in a reflection factor of around 1.35%.

In analog audio, the almost total nusmatch of source and
Y receptor impedances gives very high reflection ratios of

! close to 1, or 1008 reflection! This s the worst case, but you
and I listen to such mismatched systems every day with great
pleasurc. So whar?

. 'We will now examine what bad cffects are induced by a
& mismatched line, using a high-quality, wide-bandwidth dig-
, ital storage osalloscope to examine the actual waveforms.

Perfect Matching: In ﬁﬁs. a 500ns pulse width is applicd
to the 75 ohm coaxial cable. Both source and recepror also
have an impedance of 75 ohms.
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Fig.5 Transmission through 100m of 75 ohm coaxial cable. Out = 7511,
In =TS0

The signal at the receptor is exactly the same as the one
from the source, except for the very shight attenuation due
to the pure line resistance. No deformanon here, even after
100m of wravel.

The ame delay of 500ns berween source and recepror
perfectdy corresponds to the propagation time of 5ns/m
ames 100m.

The somewhat rough traces are arufacts of the osallo-
scope inpur A/D converter and are not to be interpreted as
noise or cable problems.

Source/Cable Matching Only: In fig 6 we can clearly see
that when the recepror has a much higher impedance than
rcquind.thcmurccsipalismullyrcﬂcctcdt;dwmmp
tor. The total delay of the echo to the source is 1ps, as
expected, the signal having traveled forth and back —say,
200m at 5ns/m.

J { \ i Source signal
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Fig6é Transmission through 100m of 75 ohm coaxial cable. Out = 751,
In = TMIEL

There 1s now an amplified pulse arriving at the recepror
and its shape is altered, with a slower riscame and a nleed
plateau. If the cable is bemg used to transmit digital data, 1c
should now be more than evident that the choice of cable
will affect the resulting sound, given this degree nfimlx-d-
ance mismatch.

Figs.5 and 6 show the two extreme cases. It is important
to remember that even smaller echoes are echoes nonethe-
less, and that their perturbational nature will undoubredly
affect the signal.

Total Mismatch: Same sourced signal. ame 75 ohm cble,
but both source and receptor with unmatched impedance.
This s, in Lact, always the case with audio gear. The chosen
mpedance values are smular to those found i roday’s audio
gear, with a 150 ohm source feeding a 10k ohm receptor.

Echo 1a

,“..

Ecda.2a

!

{ g Source signal

B e L man s S S

Receptor signal

| i
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Echa 2b
chi  2v B zv.lr M 500ns Ext/107 1.4V
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Fig7 Transmission through 100m of 75 ohm coaxal cable. Out = 1500,
In = 10k{L

Now many echoes become wisible. Echo 1a is due to the
10k£2 receptor impedance, which iself induces echo 1b on
the 1500 source i , which generates echo 2a, and
so on. These echoes are clearly visible here because che
sourced signal is of very high frequency and small pulse
width.

As we will see, these multiple echoes will also affect the
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:izal at much lower frequencies, even if the result is
n misinterpreted,

Matched Audio Signal: In fig.8, an audioband
signal is being sent through the cable. The rectangular
ism:.;];{l;ot very musical, but the 10kHz frequency 1s well in
the audio range — even older people can hear it. The entire
Mknunﬁtkd}cmm.alﬂc.uﬁmmptmﬂl have

Receptor signal r

M 10us Ext/10 S 1.4V

b - SV ch2 sV

Tansmission thiough 100m of 75 ohm coaxial cable. 10k fu
fig8 theough tly
the same impedance of 75 ohms.

The pulse width is much higher here, the Siflul period
being 100ys, or 20 times higher than the signal’s traveling
tme through the 100m cable.

There is nothing wrong to be scen m fig 8: The signal at
the recepror perfectly mirrors the signal from the source,

Mismatched Audio Signal: Fig9, two, shows source and
receptor impedances close to those of real-world audio gear.
Lower source and/or lugher receptor impedances would be
even worse. The choice of coaxial cable is not important; any
cable used in such a mismatched arrangement would have
the same behavior.

Ch1 Fre
10. 53Ky

Low
ampiitude H

Source signal

. Receptor signal i
s\% “ |

sV 10us EX/107 1.4

fgo mmrmdrsmmm:i&uz,-
2500, Z, = 10kQ

Surprise, surprise — high-frequency attenuation, as

revealed by the longer risetime of the pulse’s leading cdgcA
As manufacturers and audiophiles have being saying tor
decades, it’s the parasitic capacitance that acts as a gw-pass

fileer. When using 100m of cable, you'll be lucky if the result g8

is not worse!

What's the point of wniing an article that explans what
everybody already knows? Well, what if fig9's resolution
wasn't high enough? Whar if the rounded. shape of the sig-
nal was due, not to reduced bandwidth but to mulnple

echoes? You mighe find this hard to believe, but take a look §

at fig.10.

Echo Steps

PR | 1 ™M 2.5us EXt/10 S 1av]

10 Detail of fig9.
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See? T was surprised myselt. What we take as being due
to high-frequency attenuanion is, in fact, the superimposition
of mulaple echoes spaced apart by 500ns, which corre-
sponds to the propagation time of the cable. As cach echo s
delayed by the propagation nme, they add together, formung
steps exactly likcntfc discrete echoes seen n hig.7.

Fig.10 clearly shows that the signal will be modified when
hoks are not perfectly matched. Such mismatching represents
99.99% of the awdio gear in the world, including high-end systems
In other words, pour system.

I¢s true that, if the cable is only 1m long instead of 100m,
the problem will be divided by 100. Divided, ves; eliminar-
cd, no.

Can the car detect the difference berween matched and
mismatched audio lines? 'm tempted to say “ves,” but [ have
not conducted serious comparative histemng tests. The mea-
surcments were conducted only a few months ago
(February 2001), and the results were so surpnsing and
interesting that I couldn’t wast to share them wath you.

Matching Lines at Home: We just saw that matching
unpedances docs improve a system’s measured performance.
Does it contribute to better clarity in sound? The big ques-
tion is whether the average audiophile can easily adapt
her/his audio system to direatly benefit from matched
impedances.

System Disparities: Every manufacturer imposes his own
standards, so it's not casy to match an exasting system to the
cables used wathout senously modifying components and
thus voiding their warranties. Furthermore, most audio-
philes are not familiar with electronic rweaking,
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A smart solution is to add an active box at the source and
a passive one at the recepror end. The problem is finding a
system transparent cnough —one that won't degrade the
sound more than the matching action would improve it.

This matching option is different from that offered by
those cable manufacturers who nclude black boxes with
their flagship cables. The boxes, all pasave, don't take into
account the real impedance of the components, because they
can't “know” which o5 you will link together.

At the other end, a tew high-end manufacturers offer
such matched linking as an option, but this is very rare.

standards, adjust the source and recepror im to that of
the cable used. Any skilled DIYer wall be able to build them.
The only cntical with respeat to sound quality is the
active module, but some 1Cs are now of high-end quality.

Somrce module

J
]

Receptor module

fig.1 1 Impedance matching modules.

Fig11 shows a symmetrical (balanced) matching module.
For single-ended (SE) operation, only half the components
need be used: eg, only one matching resistor R at both ends.

The source module 1s basically an op-amp, or a very-

' discrete buffer, with the desired matched series
output impedance. The receptor module 15 much simpler,
using only two resistors —or even one, for SE operation —
of the same value than those used in the source module,
connected to the signal ground path.

Both modules shm.ﬁ:i be sited as cose as possible
(100mm, 4", or less) to the components. The great thing
then is that the line between them can be as long as nccdm.t
with virtually no signal degradanon.

The four resistors R (or two for SE operation) all have the
same value as the cable. For example, it we use Klotz micro-
phone cable, which has an intrinsic impedance of 150 ohms,
all resistors should also be 15060

- Ifa cable of unknown impedance is used, we can caleu-
late the impedance using Formula 5 or 6.

3 Thoughts
; m:s view the subject of cable sound difterently from

mass consumers and even from most of the pro audio com-

ity. For the latter, wires are wires, no matter what kind

of cable they use. For the audiophile, cables are considered

components n themselves.

Who is right? Maybe both. I'm not saying that any cable can

- be used to mterconnect hi-fi components. I use sijvl:r cables

in my system and find that they sound pretty good. However,
a8 in most systems, my links are not matched. Not yet.

- When you use mismatched links, it becomes obvious that

© every abmill have its own sound signature. I believe that

j mmatdﬁllg is performed, the cables will tend o have

" influence when it comes to affecting the system’s

- sound quality. 1 strongly recommend that curious tweakers

* experiment with impedance matching. The first steps can be

-'s',{,’,-:;w Iy

s e

taken at very low cost—pe this could be another
tweak to be discussed in J-10's “Fine Tunes™ column? Pro-
vided you own a CD player or other source with a known
impedance of 50 ohms or less, you can try this little expeni- ¢
ment, which doesn’t involve modifying your components:
* Calculate your cable impedance with Formula 5 or 6.

* Add a complementary series resistor at the output of your
CD player.

* Termunate the cable at the preamplifier with a parallel
resistor between the signal wire and ground. \
* Listen for differences.

A Practical Example: Your CD player has an output E
impedance of 30 ohms. After calculation, you find that the

intrinsic impedance of your interconnect 1s 250 ohms. By &
nserning a series 220 ohm resistor directly at the output of K

the CD player—or, even better, mnside the interconnect’s
RCA jack — you get a source impedance of 250 ohms.

At the other end of the cable, put a 250 ohm resistor |
between the signal wire (central pin of an RCA jack) and )4
the ground. Provided the preamp’s input impedance is high,
this gives you a receptor impedance of 250 ohms.

Do this again for the other channel.

This mck works only if your player's output can drive a ¥
low load impedance without a significant increase of rotal
harmonic distortion (THD). Wich solid-state output, this
tmick 1s nondestructive, provided the outpur impedance of §
the player is less than 100 ohms. In practical use. even a short

at the player's outpur wall not destroy anything, the outpur "X
arcuits being designed to handle such bad treatment. For 2

tube output, forget it. A matching module will be needed.
It is 100% guaranteed that the sound will dramanclly
change. But was the change for the better or the worse? Let
me know. If you lose dynamics or bass, it is only because
your player's output can't handle such a load —you'll need a
matching module. :
If you're not sure about how to do this trick, vour ques-

Ons arc w¢ lnlmc.

Conclusion

As you all know, every high-end product tries o offer the
best sound by moditying the audio signal as little as possible,
This is very difficult to do using active components, and
some degradation cannot be avoided. In the cable, where the
signal 1s “only” passing through, 1t would be too bad not to
try to eliminate a known source of signal degradanion.

As we saw above, a2 mismatched link leads to 2 smeared
signal response, however small the amount of the smearing,
the signal is sl distorted. Echoes are a physical fact, even if
they are very small. Canceling them by matching the trans-
mission line is cheap and casy o do; the result can be both
measured and heard.

It 1s still a bit early to clam that matching the impedances
of cables and interconnects will make 2 cents/meter cables
sound as good as $1000/m ones. Bur I'm convinced that
$1000/m cables do sound better when matched in imped-
ance with the source and the receptor.

Why wait any longer?
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