
Publication II

R. C. D. Paiva and H. Penttinen. Cable matters: Instrument cables affect the

frequency response of electric guitars. In Proc. 131st Audio Engineering

Society Conv., New York, USA, paper number 8466, Oct. 2011.

c© 2011 Copyright Holder.

Reprinted with permission.

103





Audio Engineering Society

Convention Paper
Presented at the 131st Convention

2011 October 20–23 New York, USA

This paper was peer-reviewed as a complete manuscript for presentation at this Convention. Additional papers may be obtained
by sending request and remittance to Audio Engineering Society, 60 East 42nd Street, New York, New York 10165-2520, USA; also
see www.aes.org. All rights reserved. Reproduction of this paper, or any portion thereof, is not permitted without direct permission
from the Journal of the Audio Engineering Society.

Cable matters: instrument cables affect the
frequency response of electric guitars

Rafael Cauduro Dias de Paiva1,2 and Henri Penttinen1

1Aalto University School of Electrical Engineering, Department of Signal Processing and Acoustics, Espoo, Finland

2Nokia Technology Institute INdT, Brasilia, Brazil

Correspondence should be addressed to Rafael Cauduro Dias de Paiva (rafael.dias.de.paiva@aalto.fi)

ABSTRACT
This paper presents analysis results of the effects an instrument cable has on the timbre of an electric guitar.
In typical, well-designed audio equipment with proper impedance buffers, the effect of the cable can be
considered insignificant at audio frequencies. In contrast, magnetic pickups used in electric guitars, act as
resonating low-pass filters. The cable is attached to a resonating electrical circuit and hence its impedance
characteristics can influence the system. The simulation and measurement results show that the capacitance
of an instrument cable affects the frequency response of the system, whereas the effects of the inductance
and series or parallel resistance are negligible. The largest shift in the resonant frequency for the measured
cables was 1.4 kHz.

1. INTRODUCTION
In typical audio equipment the effect of a cable is min-
imized with proper impedance matching. Most modern
audio equipment has a low output impedance (< 150Ω),
therefore connections with low output impedance and
high input impedance are often used. This way the in-
fluence of the connection and cable is minimal on the
distortion and high-frequency content. However, in the
case of high impedance microphones or electric guitars
the output impedance is high and hence creates a system
where the cable interacts more easily with the output and
input connections. Especially for long connections, sys-

tems with high output impedances are more susceptible
to attenuation of high-frequencies and signal level than
low output impedance systems. In the case of the elec-
tric guitar the instrument cable connecting the guitar to
the effect unit or amplifier is typically 3 m to 9 m long.
Often low impedance cables are used when the connec-
tion exceeds 15 m. One of the goals of the paper is to
find out if the instrument cables typically used with elec-
tric guitars affect the timbre of the electric guitar.

Previous studies on the effects of cables concentrate on
high fidelity audio systems [1, 2]. In this case the cable
impedance interacts with the loudspeaker impedance and
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low inductance cables are often used [1]. Additionally,
the amplitude of the current in this type of cable may
affect their phase response [2, 3].

Ideally, the guitar’s magnetic pickups capture just the vi-
bration of the strings. However, the pickups also affect
the timbre of the guitar via the following physical phe-
nomena. The first is similar to the effect of the pluck-
ing position, in which the position of the pickup cre-
ates a comb-like filter [4, 5, 6]. Additionally, the pickup
has nonlinear properties that enhance the harmonics of
the vibrating string [7, 8]. Most importantly, magnetic
pickups have an equivalent circuit that is sensitive to the
impedances that are connected to it [9, 10]. The equiva-
lent circuit of magnetic pickups comprise of a series re-
sistor and an inductor, as well as a parallel resistor and
a capacitor. This equivalent circuit is responsible for the
frequency response of each pickup, and by connecting an
instrument cable to it, this frequency response is modi-
fied. Models for this behaviour are important for synthe-
sis of musical sounds [11, 12, 13].

The objective of this work is to investigate the effect
of instrument cables on the timbre of electric guitars.
For that purpose 10 cables of different lengths and pro-
duced by different manufacturers were measured. The
measurements were conducted both for determining the
parameters for the equivalent circuit for the cables as
well as for determining the effect of the instrument ca-
ble when connected to a guitar pickup.

This paper is organized as follows. Sec. 2 presents an
analysis of the equivalent circuit of a coaxial cable. This
analysis starts with the assumption of distributed sym-
metrical capacitance and simplifies the model using cir-
cuit analysis tools. Sec. 3 presents the measurement
setup used for conducting the experiment. The measure-
ment results are presented in Sec. 4, where the analy-
sis of the most important parameters in guitar cables are
presented based on changes in the pickup frequency re-
sponse. Sec. 5 concludes the paper.

2. EQUIVALENT CIRCUIT ANALYSIS
Coaxial cables are the most commonly used cable type

in electric guitars. Fig. 1 shows the typical parts of a
coaxial cable. They are built with two conductors. The
first one is placed at the center of the cable, and is re-
ferred here as the centre core. The second one is the
metallic shield, which is separated from the first one by
a dielectric insulator, surrounding both the centre core
and the dielectric insulator. The cable has an additional

plastic or fabric jacket for electrical insulation from the
external environment, and for mechanical protection of
the cable parts. In typical connections, the centre core
is responsible for transporting the audio signal, and the
metallic shield is connected to the ground of the electri-
cal circuits.
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Figure 1: Parts of a coaxial cable (adapted from [14]).

2.1. Distributed cable impedance
Interestingly, since two conductors separated by a di-
electric insulator form a capacitance, the configuration
of a coaxial cable also creates a capacitance between the
shield and the centre core. Additionally, as any electrical
conductor, a coaxial cable would have a series resistance,
representing ohmic losses, and a series inductance. Fi-
nally, real dielectric materials are not perfect insulators,
hence a large resistance may be observed between the
centre core and the metallic shield [15].

The model in Fig. 2 presents an equivalent circuit repre-
senting the above mentioned cable setup. This model
is adapted from [15] to be symmetric. In this model,
a distributed capacitance is applied, so that the cable
impedance is separated in N different sections. The rea-
son for the distributed capacitance is that for each in-
finitesimal section of a coaxial cable, there would be a
series resistance and inductance, as the current is allowed
to flow over any point of the distributed capacitance. A
capacitor and a resistor are added at the input of the dis-
tributed impedance model to make the model symmetric,
as in a real cable.

The distributed capacitance representation in Fig. 2 is
supported by its physical explanation. However, a com-
plete circuit analysis of this model would be highly com-
plex and the optimization of the model parameters to fit
a specific cable would be difficult. In order to avoid that
kind of complexity, it is desirable to obtain a simpler
equivalent circuit with fewer elements. A simplification
can be obtained using a Δ-Y transform [16]. As the cir-
cuit in Fig. 2 can be decomposed into the Δ or Y sections
in Fig. 3, it is convenient to derive the relationship be-
tween them. The Δ section in Fig. 3 (a) has impedances
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Figure 2: Cable model with distributed capacitance divided in N stages.

ZsΔ and ZpΔ as the series and parallel impedances, while
the Y section in Fig. 3 (b) has ZsY and ZpY as the series
and parallel impedances. The Zs/pY/Δ impedances are
given by

ZsY =
ZsΔZpΔ

ZpΔ +ZpΔ +ZsΔ
, (1)

ZpY =
ZpΔZpΔ

ZpΔ +ZpΔ +ZsΔ
. (2)

The Δ circuit components are given by

ZsΔ = jωLsΔ +RsΔ, (3)

ZpΔ =
RpΔ

jωCpΔRpΔ +1
, (4)

where ω is the angular frequency in rad/s, j=
√−1 is the

imaginary unity, LsΔ, RsΔ, CpΔ and RpΔ are the series in-
ductance, series resistance, parallel capacitance and par-
allel resistance for the Δ connection in Fig. 3 (a), respec-
tively. The Y circuit components are given by

ZsY = jωLsY +RsY, (5)

ZpY =
RpY

jωCpYRpY +1
, (6)

where LsY, RsY, CpY and RpY are the series inductance,
series resistance, parallel capacitance and parallel resis-
tance for the Y connection in Fig. 3 (b). As the parallel
impedance is for the studied cases much larger than the
series impedance ZpΔ � ZsΔ, Eq. 1 and Eq. 2 can be sim-
plified as

ZsY =
ZsΔ
2

, (7)

ZpY =
ZpΔ

2
. (8)

This implies that the elements in the Y connection can be
written as a function of the elements in the Δ connection,

as

RsY =
RsΔ
2

, (9)

LsY =
LsΔ
2

, (10)

RpY =
RpΔ

2
, (11)

CpY = 2CpΔ. (12)
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Figure 3: Delta star transformation used for simplifying
the distributed capacitance cable model.

By using the results of Eq. 7 and Eq. 8, the circuit in
Fig. 2 can be simplified as shown in Fig. 4. The com-
ponents of this circuit are assumed to have equal value
through all stages. This assumption is made considering
a cable that is produced with the same type of material
along its length. In Fig. 4, the equivalent circuit with N
stages is separated into N/2 stages having a Y connection
(highlighted in the figure with the dotted lines). Once the
Δ equivalent for each of these stages has been calculated,
the parallel impedance elements are connected in paral-
lel to other parallel elements, and can thus be simplified.
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The same procedure is repeated again, until a simplified
circuit containing only three elements is obtained. Fi-
nally, the series impedance of the simplified circuit is N
times larger than the one with N stages, while the parallel
impedance is 2/(N +1) times smaller.
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Figure 4: Cable equivalent circuit simplification using
the Δ-Y transform.

The circuit analysis shown in Fig. 4, Eq. 3, and Eq. 4
indicates that any cable model with N stages can be sim-
plified as an equivalent circuit model shown in Fig. 5.
In this case the components of a N stage circuit model
would be related to the simplified circuit model as

RsN = Rs/N, (13)
LsN = Ls/N, (14)

RpN = Rp
N +1

2
, (15)

CpN = Cp
2

N +1
. (16)

2.2. Open/short circuit impedance
The values of the cable parameters for the equivalent

circuit can be obtained through two simple measurement
setups. In the first one no load is connected to the ca-
ble, while in the second the output of the cable is short
circuited.

���� ���

����

���� ���

�� ���

Figure 5: Simplified symmetric cable model.
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Figure 6: Equivalent circuit when measuring the
impedance in (a) open circuit and (b) short circuit condi-
tions.

The open circuit impedance can be determined by ana-
lyzing the cable circuit model in Fig. 5 with no load con-
nected to the output. In this case the cable impedance is
composed of two parallel sections. The first one is the
parallel input impedance, formed by 2Rp and Cp/2. The
second one is the parallel output impedance, again with
2Rp and Cp/2 in series with Rs and Ls. As the impedance
of the series components is negligible when compared to
the parallel elements

∣∣Zp
∣∣� |Zs|, they can be ignored

in the open circuit analysis. Thus, Fig. 6 (a) presents
the equivalent circuit for the open circuit measurement
setup.

For the short circuit case, the same type of analysis was
used as for the open circuit setup. When the output of
the cable is short-circuited, the output parallel impedance
may be ignored, and the equivalent circuit model will be
composed by two parallel sections, one composed of the
elements 2Rp and Cp/2, and the other with Rs and Ls in
series. As the impedance of the elements Rs and Ls is
much lower than the ones of 2Rp and Cp/2,

∣∣Zp
∣∣� |Zs|,

the parallel resistance and capacitance can be neglected.
Therefore, Fig. 6 (b) shows the resulting equivalent cir-
cuit.

3. EXPERIMENTAL MEASUREMENT SETUP
Cable measurements were performed in order to deter-

mine each parameter of the model in Fig. 5 Cp, Rp, Rs,
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and Ls, in a simplified manner. The first one is the open
circuit condition, where the output of the cable is not
connected, while the impedance is measured at the in-
put, as shown in Fig. 7 (a). This setup is used to measure
Cp and Rp as in Fig. 6 (a). The second one is the short
circuit condition, where the output of the cable is short-
circuited, while the impedance is measured at the input,
as shown in Fig. 7 (b). This setup is used to measure Ls
and Rs as in Fig. 6 (b).
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(c)

Figure 7: Measurement setup for (a) open circuit, (b)
short circuit, and (c) cable with pickup conditions.

The effect of the cable on the pickup frequency re-
sponse is evaluated using the measurement setup shown
in Fig. 7 (c). In this measurement setup the combined
impedance of a pickup connected to the cable is mea-
sured, which indicates how the resonance of a pickup is
changed.

In all the measurement setups, the measurements were
performed using either the LCR-meter Escort ELC 2260,
or the Limp software produced by Arta Software [17]
with an external Motu Ulta Lite audio interface. The
LCR-meter is used for measuring the cable parameters
in the open/short circuit conditions. With the LCR-meter,
the measurements are performed with a single frequency,
which can be either 120 Hz or 1000 Hz, considering a
combination of resistance, inductance, and capacitance
connected in series or in parallel.

The Limp software was used to measure the impedance
of a Fender MP112 pickup when connected to an in-
strument cable. This software was used with an exter-
nal Motu Ulta Lite audio interface, which fed a signal
into the system under measurement Z, which consisted
of the measurement setup presented in Fig. 7 (c). In this

measurement setup, a series resistance RM is included as
shown in Fig. 8 and two signals are measured at the in-
put of the external audio interface. With the information
of the voltages V0( f ) and V1( f ) obtained from the audio
interface as in Fig. 8, the complex impedance Z can be
measured for each frequency point f as

Z ( f ) =
V1 ( f )

V0 ( f )−V1 ( f )
RM. (17)

As V1 and V0−V1 need to be measured, it is convenient
to choose RM with the same order of magnitude as Z,
so that the magnitude of the voltages is similar, and the
measurement signal-to-noise ratio is as high as possible.
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Figure 8: Measurement setup using Limp software.

4. MEASUREMENT RESULTS
This section presents the measured results for 10 differ-

ent instrument cables. Table 1 presents a list of the cables
with the lengths l and the label used for describing them
in this section. Cables of different manufacturers were
chosen, and the list includes a coiled cable (C9).

Table 1: List of cables that were used in the experiment.

Label Manunfacturer/model length l (m)
C0 Reference cable 0.3
C1 No name 2.5
C2 Cordial CIK 122 3
C3 Proline BC328 3
C4 Elixir Cables 6
C5 Cordial CGK 122N 6
C6 Fender 6
C7 Planet Wave 6
C8 Proline BC313 6
C9 Vox Coil Cord VCC-90BK 9

AES 131st Convention, New York, USA, 2011 October 20–23
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Figure 9: Impedance magnitude measurements of 10 different cables connected to a Fender pickup.

Table 2 shows the complete set of results containing mea-
sured parallel capacitance Cp, parallel resistance Rp, se-
ries inductance Ls, and series resistance Rs. The results
were obtained with the Escort LCR-meter, so that Rs was
obtained at 120.0 Hz, whereas Cp and Ls were obtained
at 1000.0 Hz. The measurement frequency was cho-
sen in order to obtain the most consistent results. The
resistance of Rp was not obtained due to limitation in
the range of the measurement instrument, but it can be
neglected, firstly because the guitar pickup parallel re-
sistance is usually lower than 3 MΩ [10] and usual ef-
fects/preamp circuits have an input resistance of 0.5 to
1 MΩ [18, 19], which makes the effect of Rp negligible
at audio frequencies.

In Table 2 it is possible to observe that as a general trend
the components are proportional to the cable length. For
example, the longest cable C9 has the largest capaci-
tance Cp, while the shortest cable C0 has the smallest
Cp, Ls and Rs. However, there are large variations be-
tween manufacturers, indicating that other factors such
as different choices of material and diameter of the ca-
bles affect their behavior.

The results of measuring the pickup impedance when
connected to different cables are shown in Fig. 9. In
Fig. 9 the impedances magnitude as a function of fre-

Table 2: Measured component values for each cable.

Cable Cp Ls Rs Cp/l Ls/l Rs/l
pF μH Ω pF/m μH/m Ω/m

C0 85.9 4.1 0.12 286 13.67 0.41
C1 306 6.7 0.63 122 2.68 0.25
C2 423 5.7 0.66 141 1.90 0.22
C3 304 1.9 0.6 101 0.63 0.20
C4 225 13.5 1.97 38 2.25 0.33
C5 491 6.9 0.65 82 1.15 0.11
C6 747 3.4 0.74 125 0.57 0.12
C7 374 3.9 0.68 62 0.65 0.11
C8 599 3.4 0.76 100 0.57 0.13
C9 843 5.1 1.36 94 0.57 0.15

quency is shown for each cable measurement, where we
can observe that the pickup resonance is affected by the
cable. Table 3 further summarizes the results in Fig. 9 of
the effect in the pickup resonance when a cable is con-
nected to it, with the peak frequency and bandwidth in
Fig. 9, for all the tested cables. From Table 3 it is possi-
ble to observe that when connected to the shortest cable
C0, the pickup resonance is located at 4.93 kHz, whereas

AES 131st Convention, New York, USA, 2011 October 20–23
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Figure 10: Resonance peak frequency for all cables as a function of (a) the parallel capacitance Cp and (b) the series
inductance Ls.

when it is connected to the cable with largest capacitance
C9 moves this resonance to 2.75 kHz (see Fig. 9 (a) and
(b), respectively). Also, when comparing C9 with C4,
which is the cable with largest resonant frequency that
has a typical length for the first guitar cable, the change
in the resonance frequency is of 1.4 kHz. Additionally,
Table 3 shows how the Q value stays nearly constant.

In order to evaluate the effect of model component in
Fig. 5 on the frequency of the pickup resonance, Fig. 10
shows plots of the measured components values of the
cables as a function the peak resonant frequency. In
Fig. 10 (a) a clear trend on the pickup resonance fre-
quency position can be observed when the cable capac-
itance is varied. In this case, the larger the cable ca-
pacitance is, the lower the frequency of the resonance
peak will be. This means that the value of the cable ca-
pacitance is a good parameter to explain the variation in
the pickup frequency response caused by the cable. In
Fig. 10 (b) almost no correlation between the series in-
ductance Ls can be noticed, where the same was observed
for Rs. This indicates further that the cable capacitance
is the most important parameter influencing the pickup
frequency response.

Further evaluation of the effect of each cable element in

Table 3: Measured resonance frequency, bandwidth and
quality factor of the cables connected to the pickup.

Cable Resonant frequency Bandwidth Q
Hz Hz

C0 4930 1830 2.7
C1 3800 1320 2.9
C2 3480 1300 2.7
C3 3590 1250 2.9
C4 4140 1540 2.7
C5 3380 1150 3
C6 2850 960 3
C7 3590 1250 2.9
C8 2930 990 3
C9 2760 940 3

the model is evaluated in Fig. 12. In this LTSpice [20]
simulation a theoretical pickup model with inductance
of 2 H, capacitance of 50 pF, series resistance of 10 kΩ,
and parallel resistance of 1000 kΩ is used. The parame-
ters of the pickup where chosen based on average values
observed in measurements [10]. For comparison, the fre-

AES 131st Convention, New York, USA, 2011 October 20–23
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quency response of the pickup without a cable attached
is also presented in Fig. 12 with a solid black line. In
the simulations a cable with Cp = 400 pF, Rp =900 MΩ,
Rs =0.8 Ω, and Ls =2 μH is considered, which repre-
sents a typical cable based on the average measurement
results of Table 2, and the individual elements Cp and Ls
are varied individually.

From Fig. 12 (a) it is possible to notice that the cable ca-
pacitance is related to the frequency peak of the pickup
resonance, which can be understood by the interaction
of the output capacitance of the pickup, which is of the
same order of magnitude as the capacitance of the cable.
By observing Fig. 12 (b), it can be noticed that Ls has
no impact on the frequency response of the pickup when
the variation on these components are within the range
observed in the measurements of Table 2. Also, simu-
lations when varying Rs and Rp concluded in the same
result. This further implies that when the effect of the
cable on the guitar timbre is concerned, the cable can be
represented as a simple capacitor connected in parallel to
the guitar pickup as in Fig. 11.
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Figure 11: Equivalent circuit of a magnetic pickup when
connected to a cable.

Additional measurements were made for approximating
the frequency response of the cable itself. These mea-
surements have shown a magnitude response gain within
±0.001 dB. The results are however not very reliable
since they are close to the noise floor of the measurement
setup. Hence, the frequency response of these cables is
relatively flat in the audio frequency range. This result
indicates that, when considered alone, the linear filtering
effect caused by these cables is negligible in the audio
range.

Additionally, the effect of instrument cables can be con-
sidered in the chain from the electric guitar to the am-
plifier via several effect boxes. In that case, when noise

shielding is not considered, only the cable directly con-
nected to the pickup changes significantly the guitar tim-
bre. The cables connected between different effect boxes
and the guitar amplifiers will have negligible effect if
we consider that these boxes and amplifiers have proper
buffering circuits, i.e. that they have high impedance
input buffering stages that decouple the effect of subse-
quent circuits connected to them.

On the other hand, a different situation will occur when
effect boxes are off and have bypass. In the case of ideal
bypass, often called true bypass, the input jack of the ef-
fect box is directly connected to the output. Thus, when
the effect box is in bypass mode, the input and output
cables will be connected in series, resulting in a longer
cable. By analyzing the equivalent circuit of the cable in
Fig. 5, it is possible to notice that the capacitances will
combine in parallel, resulting in a larger cable capaci-
tance. Thus the resonant frequency of the pickup/cable
system will be further decreased due to the capacitance
of the cable connected to the output of the effect box.
Additionally, if other types of bypass are used, which are
not true bypass, the input impedance of the effect box
is connected in parallel to the signal chain, resulting in
additional modification of the signal.

5. CONCLUSIONS
This paper has presented the analysis of the effect of au-
dio cables on the guitar timbre. The analysis has shown
that these cables have a major effect on the frequency po-
sition of the pickup resonance, with variations as large as
1.4 kHz. It was shown that the variations on this reso-
nance are caused by the cable capacitance. Additionally,
the longest cable had the largest capacitance, which pro-
duced the lowest resonance frequency.

The analysis on the equivalent circuit used to model the
cable has shown that many simplifications may be used.
As a first step, the distributed impedance may be approx-
imated by a single stage impedance without affecting the
accuracy of the model. Additionally, the effect caused
by cables may be approximated by a simple capacitance,
since it is the only relevant parameter influencing the gui-
tar timbre.

The results shown in this paper may be useful as guide-
lines for designing cables and should be considered when
creating electric guitar synthesizers and physical mod-
els. As the tone control can only reduce the frequency
band of the pickup output, the cable capacitance will
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Figure 12: Simulation of the frequency response of a pickup without a cable (black solid lines) and connected with a
cable when varying the cable parameters (a) Cp and (b) Ls. A theoretical pickup with average behaviour is considered
in the simulation.

decrease the limit of the highest possible resonance fre-
quency that can be achieved modifying the tone controls.
Hence, when designing cables, a large capacitance cable
will limit the control possibilities that the user will have
with the guitar tone control. When realistic synthesis of
electric guitar signals is considered, the models including
magnetic pickups should consider that the pickup capac-
itance will be in reality larger than the one that is directly
measured from the pickup, and the pickup resonance will
occur at a lower frequency than the one expected with
the pickup alone. In this case, a 200-400 pF capacitance
connected to the output of the pickup can be assumed.

Finally, the effect of the cable on the pickup frequency
response is not something that can easily be compen-
sated with post-processing. This is due to the fact that,
as the cable capacitance is included in the circuit, the
cable interacts with the pickup circuit in a bidirectional
manner, pushing the resonance to a lower frequency.
Hence, proper compensation of that effect with an equal-
izer would only be possible when knowing the frequency
response of the pickup with and without the cable. Fur-
thermore, this type of solution would have an additional
problem, due to the fact that this response is affected also
by the tone control.
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