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Factoring in the Q 

Manfred Zollner & Tilmann Zwicker 
 

 
 

"Q" ... an important ingredient to the world of James Bond (in the movies, agent 007 did receive 
the most wonderful and sometimes rather explosive gadgets ... from Q, the head of Q-branch of 
MI6, doing very special R&D). "Q" ... just as important a character in the Star Trek universe: 
without Q, the Borg would have come as a complete surprise to the Federation. "Q", however" is 
a most important issue in the world of electrical and mechanical engineering, as well: as the "Q-
factor" (from quality factor), it tells us something about the qualities of components and of 
resonances. What's that got to do with our guitars? Well, let's see … 
 
In guitar magazines, we very often find rather empurpled descriptions relating to the sound of a 
guitar under scrutiny there – but sometimes there are also attempts to give quantitative results, 
too.  The DC-resistance is a popular victim: easy to measure, not putting up much resistance 
(sic!), and of course there's the color of the pickup housing (we're joking, of course ... or are we? 
Sadly, not really ...). Some reckless journalists do, however, courageously penetrate into the 
depths of signal- and systems-theory, and will specify the pickup inductance and a corresponding 
Q-factor. The latter is not affiliated at all with whether the pickup is a hand-wound labor-of-love, 
or a heartless, shoddy affair spewed out by an automaton. Rather, it is a quantity that assists in 
evaluating losses. What the Q-factor actually reveals, and whether it is suitable to describe 
qualities of a pickup at all and in the first place – that (and more) shall be discussed in the 
following.   

 
 
Read this first: in some of its sections, the below article really gets into the nitty gritty of 
systems theory. If at any point you feel you're getting in over your head, feel free to jump 
ahead to section 11 (on page 9) where we discuss some very practical aspects. It is then 
recommended to jump back where appropriate (and where you want to participate in the in-
depth, scientific approach), and read up on the background and the theory. That will give 
you very comprehensive insights.  
 
 
1. Coils and resonance circuits 
 
Talking about the "Q-factor" (i.e. the "quality factor") of a pickup, we normally do not seek to 
refer to the manufacturing quality. Rather, the term is about a (reciprocal) benchmark for the 
damping characteristics of components that are often also termed losses. The ideal coil is an 
electrical component showing a reactive impedance: X = 2πf • L. In this equation, X represents 
the reactive impedance (often also called reactance), f stands for the frequency, and L is the 
inductance (given in units of H = Henry). The real coil will include any kind of deviation 
from this ideal, and therefore simplifications (models) are required in order to get a 
computational handle on the real coil. A very simple approach approximately models the real 
coil by a series connection of an ideal coil and an ideal resistor R. The overall "resistance" 
does not enjoy this designation anymore – it now is a complex quantity with the correct term 
being "impedance". An impedance is a series connection of a real resistance and imaginary 
resistance (the reactance): Z = R + j•X. Here, R represents real part of the impedance, and X 
the imaginary part, with j being the imaginary unit defined by √-1. Watch out: j•X is 
imaginary, the imaginary part is just X (without the j), and as such the imaginary part is real!! 
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An inductance L is able to store reactive energy that can, at a later point in time, in total again 
be fed to the connected circuitry. This is not the case for a resistor R: with a voltage across it 
(or, equivalently, with a current flowing through it), it momentarily and irreversibly converts 
the resulting active (wattful) energy into caloric energy (heat). This "dissipated" energy is lost 
to the circuit - this is where the term "loss" comes in. From the quotient (reactive 
energy)/(active energy), we obtain the Q-factor of the coil Q = 2πf•L/R. 
 
Clearly, the Q-factor of the coil is frequency-dependent: the higher the frequency, the higher 
(in this model!) the Q-factor. In his books on Fender guitars [1, 2], Duchossior specifies a Q-
factor for pickups for f = 1 kHz. To begin with, there's nothing to complain about that – but 
we immediately arrive at the question what significance the values of Q-factor established 
that way actually have. "A pickup with a higher "Q" (all else being equal) would emphasize a 
narrower band of frequencies". At this point, things get problematic. This is because 
suddenly, a frequency band is introduced … that is not something a coil on its own can 
emphasize at all. For an emphasis to happen, a capacitance is required in addition to the coil. 
The two components are jointly forming a resonance circuit – now we have arrived at the 
term Q-factor of a resonance circuit (or just Q of a resonance circuit), and at the question 
how this might differ from the Q-factor of a coil. 
 
 
2. Equivalent circuits and more than just a single "Q" 
 
Indeed, a pickup does include a capacitance, and the pickups discussed by Duchossoir do 
emphasize a frequency band. However, how strong is this emphasis, and can it actually be 
described via the above-mentioned Q-factor of the coil? Alas, the answer to these questions is 
quite a bit more complicated than we first anticipate: the term "Q-factor" is defined in rather 
different ways. In books on electrical engineering, typically two different basic resonance 
circuits are analyzed: the series resonance circuit, and the parallel resonance circuit (Fig. 1). 
 
 

  
 
Fig. 1: Series resonance circuit (left), and parallel resonance circuit (right)  
 
The pickup contributes resistance R and inductance L, while the capacitance C is – for the 
most part – contributed by the guitar cable (for further details see [3]). Given the values of R 
= 6000 Ω and L = 2.2 H (not untypical for a Stratocaster), and C = 450pF (representing the 
sum of the "internal" capacitance of the pickup coil, and the "external" capacitance of a 
typical guitar cable of roughly 3 m length) we calculate (using the above formula) Q-factors 
of Q = 11.7 for the series resonance circuit, and Q = 0.086 for the parallel resonance circuit. 
Throwing in the formula for the Q-factor of the coil yields Q1kHz = 2.3. Now, which of these 
wildly diverging values is the correct one? 
 
Well, in fact none of them can be seen as "the correct one". The frequency band emphasized 
by the pickup is not at 1 kHz, nor does the pickup compare to a simple series- or parallel-
resonance circuit when looked at more in detail. The series circuit (Fig. 2) would be a first 
order approximation - if we simply things to a sufficient degree. Varying in accordance with 
the string vibration, the magnetic field induces a voltage into the coil, this voltage being fed to 
the amplifier via the cable (having a capacitance).  
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3. A peak in the pickup impedance 
 
Measuring the impedance of the pickup, we find at very low frequencies merely the resistance 
of the copper wire that is wound up to the coil of about 8000 turns. As the frequency rises, the 
impedance increases as well (that's the influence of the coil), reaching a maximum (i.e. the 
resonance) at approx. 5 kHz, and then decreasing again towards high frequencies (capacitive 
short-circuit). Given the components depicted on the left in Fig. 2, the frequency response of 
the impedance as shown in Fig. 3 (left-hand section) results, although here we already see 
strong deviations between measurement and model calculation. However, supplementing the 
circuit by an additional resistor RV makes model and measurement fit perfectly. RV models the 
eddy-current losses occurring within the magnets [3] … but now we have a circuit that is 
neither a parallel- nor a series-resonant circuit.    
 

 
 
Fig. 2: Pickup without (left) and  
with (right) eddy-current losses 
 

 

 
Fig. 3: Frequency response of the impedance; measurement (blue), model calculation (red). 
Left: without eddy-current losses. Right: with eddy current losses. 
 
 
4. The transmission characteristic – and the appearance of various Q's  
 
It is quite simple to measure the frequency response of the pickup impedance, but this 
measurement can easily convey a misleading impression about the sound i.e. about the 
transmission characteristics. The latter can be established via a current source with a 1/f-
characteristic that is connected in parallel to the coil and generating a voltage across the 
capacitor [3]. In its left-hand section, Fig. 4 indicates the resulting frequency response of the 
transmission function, with the pickup loaded by a capacitance only. Indeed, a specific 
frequency band is emphasized (that much we certainly have to agree with A. Duchossoir), 
although the peak is untypically strong in this example. The reason is that in the regular 
operational situation additional damping occurs: within the guitar, there are two 
potentiometers ("volume" and "tone") weighing down on the pickup, and the input impedance 
of the amplifier will exert a further load. In total, we therefore get a transmission as shown in 
the right-hand section of the figure.  We still can see a (smaller) emphasis, and the make-or-
break question now is: how does this "resonance peak" tie in with the Q-factor? And: which 
of the three Q-factors discussed about shall be the chosen one? 
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Very apparently, the resonance peak is a characteristic that depends on the circuitry the 
pickup is connected to - it may therefore not be established from the Q-factor of the pickup 
alone. Moreover, the above formulas for series- and parallel-resonance circuits must be 
incorrect because the pickup connected to the external circuitry is neither the former nor the 
latter. We would require a universal definition of the Q-factor, and it is here where we run 
into problems. 

 
Fig. 4: Frequency response of transmission function; capacitive load only (left), with pots and amp (right). 
 
Most textbooks offer merely an approximation that fits for high Q-factors but becomes 
increasingly incorrect as the Q-factor drops. Often we get to read that the Q-factor would be 
the ratio of the maximum reactive energy to the energy dissipated during one signal period (T 
= 1/ω),	 with	ω being the angular frequency at resonance. But what would this resonance 
frequency be? Is it the frequency matching the maximum in Fig. 4? That frequency also 
depends of the connected circuitry! There's no way out: only diving deeper into the matter 
may help.  
 
Given G = 1/RV and p = jω, the analytical description of the transmission function leads to a 
rational function of 2nd order, referenced to p = 0: 
 
  
 
 
The first fraction belongs to the circuit shown on the right of Fig. 2. The second fraction 
represents the transmission function of a 2nd-order low-pass [4]. Comparison of coefficients 
yields the angular pole frequency ωx

	

=1/√(LC(1+GR)), and Q=1/(ωx(RC+GL)). From this, we 
can calculate the Q-factor. Applying to the left-hand section of Fig. 4, we get Q	= 6.44, and 
applying the right-hand section of Fig. 4 we get Q	= 1.31. To compare: Q1kHz	= 2.3, Qseries	= 
11.7, Qparallel	= 0.086. It is easily recognized that these varying values are not really helpful. 
 
Here a short addendum to the equivalent circuit: actually, the potentiometers and the input 
impedance of the amp would have to be connected in parallel to the capacitor (Fig. 2). 
However, merely an insignificant error results if we connect these resistors in parallel with RV 
and combine all these resistors into a single loss resistor. The advantage is that the formulas 
remain lucid. 
 
 
 
 



GITEC Knowledge Base: Q-Factor and Damping 

© M. Zollner & T. Zwicker 2019. www.gitec-forum-eng.de & www.gitec-forum.de 

5 

5. The thicket of frequency definitions 
 
In the above formula, an angular pole frequency appears as ωx – what is that? The term has its 
home in signal processing where transmission functions are i.a. defined via their poles and 
zeroes (fundamental theorem of algebra). The distance of a complex pole to the origin 
corresponds to the angular pole frequency. Dividing it by 2π yields the pole frequency fx [4]. 
Form the pole angle (defined relative to the imaginary axis), the corresponding Q-factor of the 
pole can be derived – and this Q-factor of the pole may be determined independently of a 
specific circuit1.  
 
If we allow for a more unwieldy term, the designation of the pole frequency in full is Eigen-
frequency2 of the un-damped system, it is NOT identical with the frequency corresponding 
with the maximum in Fig. 4! The peak frequency corresponding to that maximum of the 
transmission function can be calculated as: 
 
  fpeak = fx • √(1–	1/(2Q2)). 
 
The larger the Q-factor, the smaller is the deviation between fx and fpeak, and it is exactly this 
special case that many textbooks treat as the norm, postulating that the peak frequency 
(approximately) corresponds to the pole frequency. That may be acceptable for a Q = 10, but 
not anymore for Q = 1.4. Similarly problematic is the definition of the Q-factor via the 
(decaying) ringing process occurring "at resonance". The frequency the system rings with 
corresponds neither to the peak frequency nor to the pole frequency - there is yet another 
frequency, specifically fx • √(1–	1/(4Q2)).  
 
Of still less accuracy are Q-factor-calculations using the "3-dB-width". Here, the two 
frequencies located left and right of the maximum of the transmission function at 3 dB below 
that maximum value are determined. The Q-factor is calculated from the frequency distance 
∆f.of these "-3-dB-frequencies", and from the peak frequency:  
 
 Q = fpeak / ∆f. 
 
For the frequency response shown left in Fig. 4, this formula yields Q = 6.34 – which in fact 
is not far away from the true value at 6.44. For the frequency response on the right, however 
... well, how can a -3-dB point even be established? That does not work: this formula is again 
only applicable for high Q-values as an approximation. 
 
Fig. 5 shows that the Q-factor and the resonance peak are similar but not identical. The 
numbers in the figure specify 20•log(Q); the smaller the Q-factor gets, the more the 
(logarithm of the) Q-value deviates from the height of the resonance peak above the low 
frequency transmission.  
 

                                                
1 In case that both poles are real, conversion is required – we will not get further into this here ... see [4].  
2 Another term for "Eigen-frequency" would be "natural frequency" 
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Fig. 5: Transmission function of a 2nd-order low-pass  (fx = 3 kHz); the numbers specify 20•log(Q). 
 
And so we arrive at a first conclusion: for pickups, the Q-factor of a coil (as it is used by 
Duchossoir and other authors) is not a quantity suitable to characterize the transmission 
characteristics of the given pickup.  
 
 
6. A practical example: the Fender Humbucking pickup 
 
Let us look at another example to clarify the significance of the Q-factor. The Fender 
Humbucking Pickup is (or was) available in two different versions: the original one from the 
1970's including cylindrical CuNiFe-magnets, and the later reissue built around a bar magnet. 
While the resonance- and pole-frequencies are rather comparable, we find differences in the 
Q-factors. In its section on the left, Fig. 6 depicts the frequency response of the transmission 
of a CuNiFe-humbucker (with a load of 2 pots of 1 MΩ each, a 450-pF-cable, and an input 
impedance of the amp of 1 MΩ). On the right, we see the frequency response of the bar-
magnet-humbucker, with the same load condition. 
 

Fig. 6: Frequency responses of the transmission (blue): 70's CuNiFe-humbucker (left), later reissue (right). 
For comparison, the curve of a 2nd-order low pass is indicated in both graphs (red). Load: 333 kΩ // 450 pF. 
 
Which number should characterize the Q-factor here, and which process should serve to 
determine these numbers. Certainly, the Q-factor of the coil is unsuitable.  
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The method with the "3-dB-down-points" does not help, either: for the graph on the left, 
something could be worked out, incurring some significant error – but for the graph on the 
right, that method would be impossible to use ... there is no 3-dB-down point left of the 
maximum.  To compare, the curve of a 2nd-order low-pass (TP2) is entered into the left-hand 
graph; it almost completely coincides with the blue curve. A comparison of coefficients 
allows for determining a Q-factor (Q = 1.83). In the right-hand graph, however, the two 
curves differ significantly.  
 
The reason for the lower resonance peak (and thus smaller Q-factor) is found in stronger 
eddy-current damping. The iron slugs of the bar-magnet-humbucker conduct better than the 
CuNiFe-magnets, and the eddy currents flowing in the metal housing of the pickups may 
possibly differ, as well. Eddy currents make for a fractured exponent for f, and thus for 
irrational transmission functions. A simple TP2-function does not cut it anymore. In such a 
situation, the only conclusion can be:  a purposeful indication of any Q-factor is not 
possible here; it is better to turn to specify the height of the resonance peak.  There is a 
simple justification: the approximation needs to contain more than two energy-storage 
elements, and therefore there is more than one single pole-Q-factor. It would not be conducive 
either (or very arbitrary) to simply use the pole-pair with the highest Q-factor. 
 
 
7. The not un-problematic "-3 dB" – approach 
 
As alternative option, we could determine the Q-factor from the frequency response of the 
impedance. Measured relatively easily, and with its band-pass-like characteristic, it (almost) 
always holds two points at -3 dB (-29%). Fig. 7 shows the impedance frequency responses for 
the two Fender humbuckers, and for different load conditions.  

 
Fig. 7: Frequency response of the impedance: CuNiFe-humbucker (left), later reissue (right). 
Pickup loaded with 450 pF only (blue), with additional load of 333 kΩ (red). Blue: -3-dB-points. 
 
With a purely capacitive load, the "-3 dB" derived calculations yield Q-factors of 3.82, and 
2.96, respectively. However, these values are not very purposeful because the pickups are 
always under load by pots and the input of the amp. This more realistic condition results in 
the red curves and Q-factors of 1.86 and 1.47, respectively. Which brings us at least into the 
ballpark of Q-values of comparable 2nd-order low-passes (shown in red in Fig. 6). For the 
CuNiFe-humbucker, Q = 1.86, and thus is close to the TP2-Q-factor (at 1.82). For the bar-
magnet-humbucker, however, the differences are already larger: 1.47 compared to 1.20. 
Again the following holds: the TP2-curve used for comparison is a coarse approximation (as 
it is for all eddy-current-damped pickups), and individual errors cannot be estimated.   
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And so, it's now final: eddy current damping requires irrational functions3, and these are 
difficult to approximate in a 2nd-order system. Systems of higher order, on the other hand, 
include more than one single pair of poles, and therefore cannot be described using one single 
Q-factor.  
 
 
8. And one more cul-de-sac ... 
 
If we allow ourselves to go down an even more complicated road of thinking: another way of 
defining the Q-factor is the following. Q is seen as the ratio of maximum reactive energy to 
the energy dissipated during one period (T = 1/ω). We have seen that it is difficult to describe 
eddy-current-damped systems via a 2nd-order system, but for a pickup an equivalent circuit 
made up from 4 coils, a capacitor and various resistors gives a reasonably workable 
approximation. It is possible (although degenerating into a Sisyphean challenge) to calculate 
the reactive energy stored in the 5 reactances, and the same can be done for the energy 
dissipated in the resistors. So there would be a Q-factor, after all, even with any system order? 
Alas, there is not. The definition mentioned above references the period T to a damped sine-
shaped oscillation that would actually be present in the decay process of a 2nd-order system. 
But: this simply is no 2nd-order system - see above. In a higher-order system, decay processes 
of different frequencies superimpose, with no single duration of a period T assignable.   
 
 
9. The DC-resistance: tempting, but not a cigar at all ... 
 
Our example of the CuNiFe-humbucker calls for a further analysis: what is the influence of 
the pickup's DC-resistance on the transmission?  The Q-factor of the coil does directly depend 
on the DC-resistance, but then the Q-factor of the coil is irrelevant (see above). For Fig. 8, the 
DC-resistance was increased by 20% (red curve); this slightly decreases the maximum. The 
influence on the Q-factor, however, is much smaller: Q drops by merely 3.3%. Decreasing the 
load resistance (i.e. smaller values of the pots, or of the amp input impedance) by only 8% 
would have the same effect, as shown in right-hand graph (by the way, let's remind ourselves 
that potentiometers can easily have tolerances of 30% …).  
 
For a regularly loaded pickup, RDC has next to no influence on the transmission behavior. The 
main damping effects are due to the connected resistors (pots & amp), and possibly due to 
eddy currents. Remark on the side: the DC-resistance is dependent on temperature, as well … 
(more on this in [3]). 
 

 
Fig. 8: Transmission behavior: changes in the DC-resistance by +20% (left). Change in the load by 8% (right). 
Both variations correspond to a reduction of the Q-factor of -3.3%. Blue: load = 333kΩ // 450 pF. 

                                                
3 for Bessel functions see [3], Chapter 4.10.4. 
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Therefore, the DC-resistance is – just like the Q-factor – not a parameter that could be 
interpreted straight away. At least, though, it would give us a clue as to the loudness, the 
efficiency of the pickup – right? Duchossior writes: "Compared to a classic late 60s 
humbucker, the new Fender humbucker was primarily characterized by twelve adjustable 
CuNiFe magnets and a mega output (DC resistance > 10 kOhms)" [2]. That would imply: 
high DC-resistance corresponds to high output voltage, wouldn't it?  
 
Sorry, no way, you're in the wrong – again, there is no compulsory correlation (and even 
less of a causality). In this specific case: given comparable conditions, the Fender humbucker 
(at a solid 10-kΩ-DC-resistance) will generate 6 – 7 dB less output level vs. your regular 
Gibson humbucker (that – e.g. in the form of a Burstbucker – sports an "anemic" 8 kΩ).   
 
 
10. In practice: challenges and possibilities, with prudence being exercised 
 
So, where do we stand now with respect to "factoring in the Q"? Some of us seek to use 
measurements that we undertake (preferable without having to give up an arm and a leg for 
instrumentation equipment) to assess the sound quality we can expect from a pickup. For 
those, the article so far may be a bit of a let-down. Although we have been educated "in the 
ways of the Q", it was easy to get lost in the various ways of defining that elusive Q. 
Understanding what is complicated about it, or which way it is not useful - that does help us 
only so far in our quest to get a handle on how electrical measurements can be correlated with 
what a guitar sounds like. 
 
Therefore, let's take a little turn and go down a road that may be a bit dangerous in terms of 
being-less-than-exact, and may include some scientific "under-kill", but which may 
practically push ahead a bit. Let's look at what we can do in the direction of measurements of 
"Q-ish" values, while always trying our best to remain fully aware which shortcuts we take 
and what kind of errors may creep in because of this. 
 
 
10.1 Measuring frequency responses of transmission function and impedance 
 
The transmission function of a pickup (Figs. 6 and 8 above) would be a very attractive way to 
check a pickup. With it, we could relate an input signal to an output signal, and calculate the 
sensitivity and the frequency response. This would get us a handle on both the "loudness" 
(this is not a scientifically correct term here, but let's use it) and the "sound" of the pickup. 
However, the transmission function is not easy to measure. In order to establish a purposeful 
input signal, it requires – over the pickup – generating the defined motion of a string (at a low 
frequency, yielding the absolute level of the transmission), and a defined magnetic field at 
various frequencies (yielding the frequency response). The pickup voltage is induced by the 
magnetic AC-field, with the latter depending on both permanent magnetic field strength and 
string movement. 

A quantity much easier to measure is the frequency 
response of the impedance of a pickup (Figs. 3 and 7 
above). It does not require the generation of a magnetic field 
and can be done with a simple OP-amp circuit [5], a signal 
generator and an audio-voltmeter (see Fig. 8). 
 
Fig. 8: Circuitry for measuring the frequency response of the magnitude 
of the pickup impedance (represented by L, R and C)[5]. 
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From the measured output voltage U2, the known input voltage U1, and the known resistor 
value4 R1, the magnitude of the impedance Z can be calculated: 
 
 Z = R1 • U2 / U1 
 
The pickup impedance is rather intimately connected to the shape of the frequency response 
of the transmission function, so while the impedance does not tell us much about the 
"loudness" of the pickup, it tells us a lot about the "sound".  
 
It makes a lot of sense to consider that the "loudness" in itself as not so important these days, 
because we can easily compensate for any change in loudness by adjusting the gain control 
that any modern amp will have, or by simply adding a booster in case the amplifier cannot 
muster the required gain. In the olden days when amplifiers were rather "low-gain" by today's 
standards, and the output level the guitar gave was crucial to getting sufficient overdrive from 
the amp, things were different - but today gain (i.e. "loudness" of the pickup) is much less of 
an issue.  
 
What still is a big issue is the "sound" of a pickup because it is much harder to compensate for 
or create specific frequency responses than it is to get more (or less) gain. 
 
So, in a way, measuring the impedance of a pickup will give us information that is of a lot of 
interest (about the "sound" of a pickup), while the info it fails to offer (the "loudness") is not 
really that interesting. Therefore, measuring the frequency response of the impedance is 
indeed a helpful tool to assess what a guitar pickup will sound like, and in particular for 
comparing pickups sound-wise. 
 
 
10.2 The frequency response of the impedance in practice 
 
We may have a number of pickups to compare: for example to confirm our auditory 
perceptions (from listening to them/playing them), or to anticipate what they would sound like 
in comparison.  
 
With relative simple instrumentation equipment, the frequency response of the pickup 
impedance can be measured (see Fig. 8): 
- a signal generator (sine-output) yielding U1, an oscilloscope measuring U2, and the simple 
OP-amp circuit (easily soldered together) with a suitable supply voltage will get you far, or 
- a measurement software that makes a computer (with audio interfaces) take over the role of 
generator and oscilloscope, and again the OP-amp circuit will produce nice results.  
 
If we measure the frequency response of the given pickups while keeping the measurement 
parameters and, in particular, the circuit around the pickup under investigation always the 
same (both structurally and in terms of the component values) then the comparisons between 
the measurement results will correlate with the "sonic" differences we perceive. A higher-
frequency peak in the impedance plot will give a brighter (possibly less "substantial") sound, 
a lower-frequency peak will give a more mid-rangy (possibly more "assertive"). If the peak is 
more pronounced (narrower and also higher), the sound will be more "distinct" (possibly even 
"shrill"), if the peak is less pronounced, the sound will have a softer (possibly even bland) 
character. 

                                                
4 R1 should not be too small; a value of around 100 kΩ will be a good choice. 
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Because we keep the parameters around the pickup the same, the differences between the 
measurement results will translate correspondingly into different sounds the pickups will give 
when mounted in a guitar - as long as the environment in that guitar also remains the same.    
 
This makes for a great possibility to categorize pickups and anticipate how they will sound in 
comparison. 
 
However, the frequency response of a pickup depends quite dramatically on the circuit the 
pickup is connected to. In particular, the capacitance the pickup "sees" (especially the cable 
capacitance of the guitar cable), and the "resistance" it is connected to (especially volume and 
tone potentiometers, and the input impedance of the connected amplifier), play a huge role in 
where the peak in the impedance plot is found and on how pronounced that peak is. The cable 
capacitance will be mainly responsible for the frequency of the peak, and the resistances will 
have an impact on how pronounced the peak is.   
 
For the measurement approach recommended (Fig. 8) above, it will be a good idea to simulate 
(at least to some extent) the circuit the pickup is connected to in reality (i.e. the ohmic load it 
"sees"). The cable capacitance can be simulated by connecting (in parallel with the pickup) a 
capacitor of 330 pF - 1 nF (depending on the length of the cable to be simulated). The volume 
and tone controls, and the amplifier input can be simulated by a resistor (also connected in 
parallel to the pickup) of between 1 MΩ (best case scenario for only the amp connected to the 
pickup - no controls in the guitar), and 60 kΩ (one tone control of 250 kΩ, one volume 
control of 250 kΩ, and the "low" input put of a typical amp connected to the guitar). 
 
To evaluate what the pickup "can do" (i.e. to get an idea of its "maximum performance"), it is 
recommended to use a capacitor in any case (470 - 670 pF being a highly realistic value). The 
resistor simulating the ohmic load is deemed not as important and may be simple left off to 
start with – the measurement will still give a very helpful first impression of the sound that 
can be expected from the pickup.    
 
 
10.3 Caution! 
 
It is important to realize the limitations of the above approach:  
- comparisons among pickups are limited to those measured in the same way! It is likely that 
other sources (other experimenters) doing similar measurements will not have used the exact 
same circuitry connected to the investigated pickup. If comparisons are made to data obtained 
by other people, their specific measurement setup needs to be taken into consideration.  
In other words: with our measurements, we have not obtained any universally comparable 
results and numbers. As tempting as comparisons to other source may be, we need to be 
weary of dramatic errors and misinterpretations when comparing our results to those of other 
sources - unless we have verified that all measurement have really been conducted using the 
same parameters and concepts!  
 
- we have seen from the above Sections 1 - 9, that particular caution needs to be exercised 
when data include a Q-factor, because it may not be clear how this Q-factor was derived. It 
may be necessary to use the available frequency responses of the impedance to and calculate 
(for all of the frequency responses in the same way) a value that can be used for comparisons 
between pickups.  
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Such a value could be based on the 3-dB-down bandwidth (see Section 7 above) leading to a 
"Q3dB" which is not strictly a clean-cut Q-factor but may serve rather well for comparison 
purposes. We just need to remain aware that we are not dealing with universally comparable 
measures. 
 
  
11. Some final words 
 
In this context, and looking at the above discussions as a whole, it is clear that most 
information given by pickup manufacturers needs to be considered very cautiously. 
Comparing DC-resistance values of pickups provides next to no useful insight - in fact there 
is very little correlation of the DC-resistance with either "loudness" or "sound" of a pickup. 
Any info on resonance frequencies, and "Q-factors" or "resonance peaks" can potentially be 
highly helpful BUT is only conducive to compare within the group of pickups measured in 
the same way - i.e. usually only within the offers of one and the same manufacturer (if that 
manufacturer has in fact ensured that the used measurement methods and circuitry are kept 
the same across all his offerings...). If, however, such data are accompanied by clear 
indications how the measurements were done and which parameters were used, we might be 
able to make our own measurements with other pickups in the same way, and therefore arrive 
at truly comparable data.  
 
Hopefully, the elaborations presented here will not deter those eager to work on their guitars 
and find out about pickups and sound. Rather, we hope we have given some indications how 
to address the issue of characteristic, sound-determining parameters of guitar pickups, and 
how to get a handle on them. Happy measuring and sound-creating, then!   
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