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Abstract: The sound of electric guitar mainly depends on the pick-up, which is the most important
equipment of electric guitar. It is found that the performance of the pickup depends on its structure,
coil diameter, winding number, magnetic size and shape of magnet. In this paper, based on the
analysis of working principle, the electrical parameters of the pickup are optimized from the two
directions of resistance and inductance, so as to improve its performance. This paper proposes an
optimization scheme, builds the circuit model, and proves that the proposed optimization scheme
can achieve the optimization effect through the actual test of its performance.

1. Introduction to electric guitar

Electric guitar is one of the indispensable main musical instruments in pop music, mainly
composed of a head, neck, pickup, bridge and guard board. Compared with the traditional guitar,
the electric guitar’s body is a solid sound box without a resonator device, and is equipped with two
or three magnets, namely pickups [1]. Unlike traditional guitars using box vibration to make sound,
electric guitars mainly use pickups to pick up acoustic signal amplify it through a loudspeaker, so
the pickup is the most important equipment of the electric guitar. Compared with the general guitar,
the sound volume of electric guitar can be adjusted by itself and the sound range is larger due to the
absence of a resonator. Therefore, its performance flexibility is greatly enhanced, especially in the
aspects of tremolo and glide [2].

2. Operating principle of pickup

Pick up is the main component of electroacoustic guitar, which determines its timbre in some
way. The pickup itself cannot produce sound and has only " signal transmission characteristics",
that is, it changes and transmits these signals in its own way after picking up the signal from the
vibration of the string like a microphone. For example, installing the same pickup on electric guitars
of different materials and structures will result in completely different sounds [3].

There are two basic types of pickup, electromagnetic pickup and piezoelectric pickup. The
electromagnetic pickup can only pick up signals from metal strings. The piezoelectric pickup can
work with any type of string (metal string, nylon string). There are two types of electromagnetic
pickup: single coil pickup and dual coil pickup. Single coil pickups are very sensitive to changes in
interference of magnetic field. The dual coil pickup uses two specially connected coils to eliminate
interference by sending the same signal of the two coils at the same amplitude and opposite phase.

The working principle of the pickup is as follows: the electromagnetic pickup is mainly
composed of a magnet and an insulated copper coil,in which the wire is wound into a coil on the
magnet and the coil is connected to the loudspeaker ( as shown in Fig. 1). The magnetic field
generated by the pickup magnet magnetizes the string, which in turn generates its own magnetic
field. When the strings are stationary, the magnetic flux through the coil is a constant. When the
string vibrates, it moves relative to the coil, and the magnetic flux passing through the coil changes.

Copyright © (2018) Francis Academic Press, UK --69-- DOI: 10.25236/systca.18.014



Fig. 1 Electromagnetic pickup

Faraday's law of electromagnetic induction states that when the magnetic flux ¢, in the closed

loop changes, the induced electromotive force generated in the loop is proportional to the rate of
change of the magnetic flux to time, that is:
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If the resistance of the loop is R, the induced current | in the loop is:
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Vibrating strings will generate induced electromotive force, the amplitude of which is
proportional to the vibration frequency of the strings, so induced current will be generated in the
coil at the same frequency as the string vibration. This inductive current can be amplified and
restored through the loudspeaker, and the sound played by the electric guitar can be heard [4].

3. Electric parameters optimization of electric guitar pickup
3.1 Equivalent circuit of pickup.

The actual pickup consists of a conductor coil, a plurality of magnets surrounded by the coil, and
a frame for fixing. When playing the string, the string cuts the magnetic induction line, which
generates induced electromotive force and generates an inductive current in the loop, which flows
to the amplifier through the external wiring, thus producing sound. In terms of electrical
characteristics, the pickup can be equivalent to an RLC resonant circuit, as shown in Fig. 2. The
parameters of each component affect R, L and C parameters in the circuit model, so as to influence
the resonant frequency point of the output signal. The overtones in the range around the resonant
frequency point will be amplified (the fundamental tone will not be affected), while those overtones
far away from the resonant frequency point will be rapidly reduced.
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Fig. 2 Electrical equivalent circuit of a magnetic pickup

A real coil can be described as an ideal inductor L in series with a resistor R, and in parallel with
capacitance C between lines. The inductance L is the main parameter, which is determined by the
number of turns of the coil, magnetic core material and the overall geometry of the coil. The
resistance and the capacitance don’t have much influence and can be neglected. When the strings
are moving, an AC voltage is induced in the coil. So the pickup acts like an AC source with some
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attached electric components. The external load consists of resistance (the volume and tone
potentiometer in the guitar, and any resistance to ground at the amplifier input) and capacitance
(due to the capacitance between the hot lead and shield in the guitar cable). The cable capacitance is
significant and must not be neglected. This arrangement of passive components forms a so-called
second-order low-pass filter [5], as shown in Fig. 3.

5

Fig. 3 A pickup as an audio voltage source plus second-order low-pass filter
3.2 Optimization scheme of electrical parameters of pickup.

In an electric guitar factory, the X-type pickup is the most common pick up with the most
extensive use. This pickup is selected for research and its electrical parameters are optimized to
improve its performance. There are many electrical parameters of the pickup, such as DC resistance,
inductance, capacitance, impedance, mass parameters, dissipation, resonance frequency, resonance
peak, etc. Among them, both the thickness of copper wire coil and the number of winding turns of
copper wire have influence on DC resistance. The resistance is related to the volume, the inductance
is related to the tone quality and the volume, and the capacitance is only for reference. The tone
power of the pickup depends on the DC resistance and the resonance peak value. Therefore, this
paper mainly improves the pickup performance from the two directions of resistance and inductance,
with capacitance as the reference value.

The number of turns, magnet material and wire diameter of the pickup have different effects on
its performance, as shown in the following tables. Table 1 and table 2 show some relevant data of
the X pickup, as well as the pickup reference data of other 3 companies.

Table 1 Reference data of neck pickup

Wire

Number ) R Z L C
Type/magnet of turns diameter [KQ] Q [KQ] [H] [nF] D
[mm]
X/white 4900 0.055  9.82 03 1026 475 533.1 3.9
X/white 4800 0.055  9.67 029 1009 459 4424 3.69
X/black 5650 0.05 1328 027 1009 459 5509 3.69
X/white 5600 0.05 133 028 1366 6 4217 3.48
Company 1 005 748 034 789 403 6276 295
/white
Company 2 0.06 994 034 1052 548 4618 2.88
/black
Company 3 6000 0.045 1615 02 1649 528 4788 4.6
/black
Company 3 5600 0.045 1547 027 1601 657 385 3.74
/white
Company 3 6200 0.05 1314 026 136 562 451.1 3.72
/white
Company 3 6400 0.05 1335 026 138 56 4526 3.79
/black
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Table 2 Reference data of body pickup

Wire

Number . R Z L C
Type/magnet of turns diameter [KQ] Q [KQ] [H] [nF] D
[mm]
X/white 5300 0.055 1073 032 1127 547 4627 3.12
X/black 5200 0.055 1053 028  10.96 478 5291 35
X/black 5650 0.055 11.59 0.3 12.1 557 4542 33
X/black 6000 0.05 1418 028  14.78 633  399.6 3.56
Company 1 0.05 8.08 030  8.42 3.81 662  3.37
/white
Company 2 0.05 1992 029 2065 932 271 271
/black
Company 3 6600 0.05 1443 028 1498 6.43 3937 3.56
/white
Company 3 6800 0.05 1492 027  15.46 644 3927 3.68
/black
Company 3 6300 0.045 1755 021  17.94 593 4266 4.7
/black
Company 3 6000 0.045 16.5 0.27 17.1 7.13 355 3.68
/white

Based on the analysis of the current data of the pickups of guitar factory and other three major
companies, it is found that the pickups with the same number of turns of the clamp but different
magnet magnetism also have different performances. It is not that the more coils the pickup clip
winds, the better. The more coils, the deeper the sound. Through practical tests, it is found that
white magnets with strong magnetism are better than black magnets with weak magnetism, so white
magnets are used in this paper. The following three optimization schemes are proposed. Through
comparison, analysis and tuning test, the optimal scheme is selected.

Scheme 1. The number of turns of X-neck pickup is selected as 5600 turns, and its electrical
parameters are measured as R=13.16 KQ, L=7.47H, and C=484.6nF. The number of turns of the
body pickup is 6,000, and the electrical parameters are measured as R=14.25 KQ, L=7.04H, and
C=359.6nF.

When the finished pickups are installed on electric guitars, a wild style of sound can be heard.
When tuning, it was found that the sound volume from the two pickups did not differ much, so the
pickups were not selected. When tuning, it is found that the volume and timbre do not differ very
much in both pickups, so this pickup is not selected.

Scheme 2. Since the volume and timbre of the two pickups in Scheme 1 are not much different,
the number of turns of the neck pickup is reduced in scheme 2. The final number of turns is 5,200,
and the electrical parameters are measured as R= 11.27KQ, L= 4.85H,C=512nF; the number of
turns of the body pickup is 6,000, and the electrical parameters are measured as R=13.17KQ,
L=4.7H, C=562.7nF ,

Install the pickups on the electric guitar and tune them. It is found that the neck and body
pickups feel completely different when playing, and the sound volume difference is too large. So
this scheme is not selected.

Scheme 3. In scheme 2, it is found that the difference of feeling between the neck and body
pickups when playing is too large, so the number of turns of X-type pickups will be reduced in
scheme 3. When the number of turns drops to 4900, the electrical parameters of the neck pickup are
measured as R=11.86 KQ, L=4.78H, C=530.4nF. When the number of turns drops to 5600, the
electrical parameters of the body pickup are measured as R=13.32 KQ, L=5.21H, C=560.5nF.

w72



Install the pickups on the electric guitar and tune them. It is found that the sound of the neck and
body pickups is clear and powerful when playing, reaching the expected value, so this scheme is
finally chosen. The data of X-type electric guitar pickup measured in the three schemes are shown
in Table 3. Fig. 4 and Fig. 5 are equivalent circuit diagrams of the electric guitar neck pickup and
body pickup respectively in this optimization scheme.

Table 3 Pickup data measured in 3 schemes

Wire

Number .. R Z L C
Scheme  Type/magnet o g diameter o0 Qo) H]  @E P
[mm]
X/white 5600 0.05 13.16 028  13.7 7.47 484.6 4.67
! (Neck)
X/white 6000 0.05 1425 031 1491 7.04 359.6 3.21
(Body)
X/white 5200 0.05 11.27 027 1067 485 512.0 3.69
) (Neck)
X/white 6000 0.05 13.17 021 1346 470 562.7 3.12
(Body)
X/white 4900 0.05 11.86 025 1223 478 5304 3.95
3 (Neck)
X/white 5600 0.05 1332 032 1225 521 560.5 3.92
(Body)
1
Fig. 4 Circuit model of neck pickup Fig. 5 Circuit model of body pickup

3.3 Verification of optimization scheme.

According to Scheme 3, the pickup is made and tested by oscilloscope, signal generator and AC
microvoltmeter. Through 10 sets of X pickup test data, it is found that the measured data have been
fluctuating within the approximate range of the data measured by the optimization scheme. During
the test, a signal of 1000 Hz was given by the signal generator. At this time, the X pickup was
measured at 1.1 KHz and the peak value of the waveform measured by the AC microvoltmeter was
20mV. The frequency waveform diagram is shown in Fig. 6. When the signal generator gave a
signal of 500Hz, the pickup was measured at 502Hz, and the peak value of waveform measured by
AC microvoltmeter was 30mV. The frequency waveform diagram is shown in Fig. 7.
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Fig. 6 Frequency waveform diagram of IKHz  Fig. 7 Frequency waveform diagram of 5S00Hz

By analyzing the waveform diagram and test results, it can be concluded that the faster the
frequency of the pickup, the clearer the timbre of the pickup;The higher the frequency peak, the
greater the volume of the pickup. After installing the pickup on the electric guitar, the tuning results
show that the tone of the neck and body pickup was clear and pure when playing, and reached the
desired value. Therefore, it is proved that Scheme 3 achieves the optimized effect.

4. Conclusion

The performance of pickup depends on its structure, winding diameter, number of turns, magnet
magnetism and magnet shape, etc. Generally speaking, the more coil turns, the greater the DC
resistance, the greater the output power and the lower the high pitch. Through research, it is found
that:

The main factors influencing the performance of the pickup include coil turns ( i.e. the DC
resistance of the pickup) and the magnetic intensity of the magnet inside the pickup. The thickness
and number of turns of the copper wire in the pickup coil have an influence on the resistance. The
resistance is related to the volume, the inductance is related to the tone quality and the volume, and
the capacitance is only for reference.

Changing the diameter of the enameled wire can change the resistance of the pickup.
Theoretically, when the number of winding turns of the wire clamp and the resistivity of the
enameled wire are constant, the thinner the diameter of the enameled wire, the larger the resistance
of the pickup, but it cannot increase indefinitely. The increase in the number of turns is
accompanied by a decrease in the high pitch.

Theoretically, the less D(i.e. dissipation) in the measured data, the better the pickup performance.

The material, manufacturing process and shell of the pickup will also affect the performance of
the pickup.

This paper focuses on the electrical parameters optimization of electric guitar pickup. Based on
the analysis and study of the existing data of electric guitar factory, an optimization scheme is
proposed, and the validity of the scheme is verified through tests. There are still some shortcomings
in this research, which need to be improved. For example, the improvement can be put forward
from the aspects of coil tightness, magnet strength and so on, so as to achieve the goal of parameter
optimization. It is believed that more and more new improvement plans will be put forward in the
future.
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