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Abstract 

Guitarists using effect pedals to alter the way their guitar sounds often face the 
problem of loud noise when they want their guitars to be completely silent. This can 
be the result of using a distortion pedal which works well when you’re playing, but 
not when you have a brief pause. This project focuses on developing a complete 
prototype of a distortion pedal that has an adjustable mute circuit, also known as a 
noise gate, built into it. The project pedal consists of some functions which 
commercially available effect pedals have; 6.3 mm input jack, on and off switch, both 
a battery connector and a DC-jack, and adjustable knobs for the different effects like 
drive, tone and volume. The distortion circuit is inspired by the BOSS SD1 SUPER 
OVERDRIVE pedal and the muting function is constructed with Junction Field 
Effect Transistors.  

Two prototypes were constructed; one with hole mounted components, and one with 
surface mounted components. They both work largely as imagined. When the guitar 
is played, the desired distorted sound can be heard and adjusted with a drive, tone 
and volume control. When the guitar is not played, all unwanted noise is completely 
muted. A sensitivity adjusting knob allows for different signal strengths to be muted. 

The chosen method for muting the signal introduces a short and faint unwanted 
noise during the muting process. While it would have been better to eliminate this 
noise too, the prototype introduces something new and helpful for guitarists using 
distortion pedals. With more work, this way of integrating a mute circuit in distortion 
pedals could potentially set a new standard. 
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Sammanfattning 

Gitarrister som använder effektpedaler för att ändra hur deras gitarr låter stöter ofta 
på problemet där oönskat brus uppstår när de vill att gitarren ska vara helt tyst. Detta 
kan vara resultatet av att använda en distortionspedal som fungerar väl när man 
spelar på gitarren, men inte när man tar en kort paus. Detta projekt fokuserar på att 
utveckla en fulländad prototyp av en distortionspedal som har en justerbar mute-
funktion, också kallad en brusgrind. Pedalen har några funktioner som vanligtvis 
finns hos de kommersiellt tillgängliga pedalerna; 6.3 mm ingångs- och 
utgångskontakter, av-/påknapp, strömförsörjning via både ett batteri och vägguttag, 
och justerbara kontroller för förvrängning, ton och volym. Distortionskretsen är 
inspirerad av pedalen BOSS SD1 SUPER OVERDRIVE och mute-funktionen 
använder sig av Junction Field Effect Transistorer.  

Två prototyper konstruerades; en med hålmonterade komponenter, och en med 
ytmonterade komponenter. De både prototyperna fungerar i stort sett enligt de 
uppsatta målen. När gitarren spelas så hörs det önskade förvrängda ljudet som kan 
justeras med kontrollerna. När gitarren inte spelas dämpas allt oönskat brus till en 
ohörbar nivå. En känslighetskontroll tillåter olika signalstyrkor att tystas.  

Den valda metoden för mute-funktionen introducerar ett kort och svagt oönskat ljud 
som uppstår under själva dämpningsprocessen. Medan detta oljud är något som bör 
lösas så ger prototypen fortfarande något unikt och hjälpsamt för gitarrister. Med 
mer arbete skulle detta kunna förbli en ny standard inom distortionspedaler.  

 

Nyckelord: 

Elektrisk gitarr; effektpedal; ljuddämpning; brusbortagning; brusgrind 
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1 Introduction 

This chapter describes the specific problem that this thesis addresses, the context of 
the problem, the goals of this thesis project, and outlines the structure of the thesis. 

1.1 Background 

The electric guitar was invented during the 20th century when there was a need for 
louder guitars than the then loudest acoustic version [1]. A combination of better 
understanding of electromagnetism and the standardization of electricity in society 
led to the development of the classic electric guitar. 

Today an electric guitar is used in a very wide range of different musical genres, from 
radio pop, to death metal. It is used under so many varied circumstances because a 
guitar’s sound can be manipulated into sounding very differently. It could be done 
through DSP (digital signal processing) but it is traditionally done with analogue 
electronics in the form of effect boxes. Effect boxes or effect pedals are small 
electronic boxes with an on/off switch (that is usually designed for a foot, hence 
being called a pedal), some adjustable knobs for tweaking the sound, and an input 
and output jack that a guitar and speaker can connect to. The pedal is connected in 
between the guitar and the speaker and receives the clean signal from the guitar. The 
pedal warps the signal by for example distorting, delaying or reverbing it to make it 
sound differently. There are a lot of different types of effects these pedals can create 
but a very common effect that is widely used is called distortion. Distortion mimics 
the sound effect of playing music through an amplifier at a higher gain than it is 
designed for, making the sound distorted. This is the classic rock’n roll sound. There 
are different types of distortion, for example fuzz and overdrive, but they all create a 
similar effect.  

1.2 Problem 

When an electric guitar is connected to a distortion pedal but is not played, an 
unwanted humming noise can often be heard from the speakers. This noise is 
annoying to listen to and this problem is today solved by either turning down the 
volume, covering the guitar pickups with a hand in an attempt to shield them from 
extra noise, or adding a separate noise-gate pedal to the guitar output. These 
solutions are straining on the guitar player or requires an additional cost. The 
problem statement follows; How would a simpler noise gate circuit that is 
implemented together with a distortion circuit look like? 

1.3 Purpose 

The purpose of the bachelor thesis is to come up with a prototype guitar effect pedal 
that solves the previously stated problem. This includes creating an electrical circuit 
schematic that includes both the distortion effect and the noise gate, design and 
construct a printed circuit board, as well as mount all necessary components on the 
board in order to have a working and usable effect pedal.  
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1.4 Goals 

The goal of the thesis is for the created pedal to fulfil the requirements set in order 
for guitarists to have a simpler time performing without having to worry about a 
disturbing noise to be heard when not playing on their guitar. The requirements for 
the constructed prototype are as follows: 

• Provide a distortion effect similar to commercially available pedals with 
adjustable volume, gain and tone settings.   

• Have an on/off button and an LED to indicate the state of the pedal. When 
turned on the signal from the guitar goes through the pedal. When turned off 
the signal goes around the pedal via a bypass circuit. 

• It is possible to connect the guitar to the prototype using the standard 6.3 mm 
jacks. 

• It can run on both a battery and an external adapter connected to a wall outlet. 
The circuitry can automatically switch between them without interruptions, 
while the power supply has the priority. 

• When playing on the guitar, the signal does not become muted and reaches 
the output. When not playing on the guitar, the signal should be completely 
muted. 

• The required signal amplitude which can pass through the noise gate should 
be adjustable with a knob in order to fit a wider arrange of guitars.   

1.4.1 Benefits, ethics, and sustainability 

Guitarists performing live would greatly benefit from this kind of effect pedal as they 
would not need to consciously mute the guitar while performing or have to buy a 
separate pedal.  

Since this effect pedal would be an all in one solution to the problem previously 
stated, less material would be used to create a similar function. This would have a 
smaller impact on the environment compared to using two separate boxes. 

After a discussion between the two authors of this report, neither could think of any 
cases where this effect pedal would pose any significant ethical dilemmas. 

1.5 Project Methodology 

The project starts out with a literature study in order to find background information 
and related work to the intended subject. The different types of literature where the 
information can be found includes books, articles, scientific theses and both amateur 
and professional websites as well as qualified professors at the school. The study 
consists of experiments and testing of multiple theories to decide the appropriate 
solution to use for the final product. Once a solution has been selected, a circuit, and 
then a printed circuit board will be designed and constructed for testing and 
evaluation.  
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1.6 Delimitations 

Since the project has a limited time period, some delimitations had to be made in 
order to fulfil the goal by the final deadline.  

The audio noise gate section of the circuit is the most interesting component of the 
design, which means that the distortion effect circuit will be given proportionally less 
time for development. This may result in some worse sounding audio than the 
commercial standard for these types of effect pedals.  

Since the project’s goal is to develop and design a new circuit and to construct a 
working prototype, the thesis will not evaluate every technology that works as a 
muting stage. The focus will be on constructing a working solution and not to find 
the best solution.  

A professional noise gate can have multiple different adjustable settings. The thesis 
designs a noise gate from the ground up and therefore only have the time for the 
most necessary setting, called adjustable threshold value.  

1.7 Structure of the thesis 

Chapter 2 presents more background information about the problem, signal 
processing, the potential solution and presents some related works. 

Chapter 3 presents the methods, software and hardware used to solve the problem, 
design the circuit and construct the prototype. 

Chapter 4 presents the process designing and constructing the prototype as well as 
how the circuit works. 

Chapter 5 presents the results of the project. 

Chapter 6 discusses and analyses the result and discusses future work.  
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2 Background 

This chapter describes the background knowledge required to fully understand the 
project’s starting point.   

2.1 Electric Guitar  

An electric guitar uses a component called an electromagnetic pickup in order to 
convert the movement of the strings into an electric signal [1, p. 147-156]. The 
pickups produce a voltage varying in time based on how the strings are moving. 
When the steel strings are strummed, the pickups can sense the movement they 
cause in a magnetic field. This is Faraday’s Law of electromagnetic induction in 
action. The voltage produced is the signal that can either go straight to an amplifier 
or be processed by, for example, an effect pedal. A critical yet simple point to 
understand is that all the guitar does is supply a signal. “From an electrical 
engineering standpoint, the guitar is simply a signal source.” – Denton J. Dailey [2, 
p. ix]. 

The signal generated by playing on the guitar can differ in amplitude (voltage) and 
frequency depending on how hard a string is struck or which note is played. Figure 
2-1 and Figure 2-2 are examples of how a clean guitar signal looks like. For the 
pickups to manage sensing the differences in the magnetic field, they must be 
sensitive. This means that they are also sensitive to electromagnetic noise which can 
be generated by the electronics in the guitar itself and other electrical devices 
emitting noise such as cell phones and radios. This means that there is some 
potential for problems since the same kind of electrical signal created by noise, as 
the signal created by strumming the strings, is sent from the guitar [1]. This is 
discussed more in chapter 2.1.2. 

 
 

 
 

Figure 2-1: An oscilloscope image of the note A3 
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Figure 2-2: An oscilloscope image of the note D4 

2.1.1 Distortion 

Distortion is a well-known effect and is the iconic sound that is associated with 
electric guitars. The effect can be easily achieved in two different ways with 
electronics [2]. First way would be to increase the gain above the amplifiers design 
limit which would damage the equipment and lead to the sound becoming distorted. 
This is how the distortion effect started in the late 1940s. Guitarists deliberately 
damaged their equipment in order to get a more aggressive sound from the guitar 
[3]. The sound is still used today but is usually created with so called distortion 
pedals.  

The second way to get distortion is to use diodes that clips the signal that is over a 
certain amplitude. As shown in Figure 2-3, the diodes are parallel and pointing in 
opposite direction. This means that on positive pulses, D1 will conduct signals above 
a certain voltage and then prevent an increase of its amplitude. On the negative 
pulses, D2 will do the same thing. This will then result in a square wave like the other 
method did, but more controlled and symmetrical. Different types of clipping can be 
achieved depending on which type of diode is used. A standard silicon diode (like the 
1N4148 that will be used in the project) has its conducting barrier at 0,7V and has a 
more abrupt cutoff compared to a germanium diode that is much softer and has its 
barrier at 0,3V.   
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2.1.2 The problem 

The main goal when using different types of pedals with an electric guitar is to get a 
good sound, but something that doesn’t sound good is noise. Noise can occur from 
multiple different sources and an effective method today to reduce it as much as 
possible is by using shielded electronics and wires, or twisted pair wires in the guitar. 
But this is not enough for all situations.  

The pickups on the guitar, as stated earlier, are very sensitive and can pick up noise 
from radio waves or other electronic devices [2, pp. 147-156]. This noise, in 
combination with for example an overdrive pedal that boosts the amplitude to very 
high levels, can become very audible when not playing on the guitar. When not 
strumming on the guitar and there are no pedals in the configuration, the signal 
looks like Figure 2-4. It is very small with only inaudible spikes. If the scenario is 
copied, but an overdrive pedal is added to the configuration, the signal looks like 
Figure 2-5. This type of signal is very audible with its bigger spikes created by the 
amplified noise. This is not pleasant to listen to and needs additional workarounds 
in order to silence it. Today when playing live shows and using such a sound, guitar 
players often try to either cover the pickups with their hands, lower the volume 
manually, turn off the pedal completely or buy expensive dedicated noise reducing 
pedals to not have such noise reach the speakers and bother the audience. 

Figure 2-3: Signal clipping demonstration 
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There are currently no distortion pedals with built-in noise gates available on the 
market which means that this project puts its focus on an entirely new product 
segment.  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

2.2 Noise Gates 

A noise gate (or just gate) is a mechanism which stops all unwanted sound from 
reaching the output when a musical instrument is not being played [4]. When the 
instrument is played, the gate opens and allows not only the wanted signal to pass, 
but also the unwanted noise. The wanted signal should be much louder than the 
noise and therefore the only audible part of the output. This mechanic can be used 
in multiple situations e.g. when recording drums and only the hit on each pad should 
be heard and nothing else, or when using a loud guitar amplifier with a lot of 
distortion which usually gives off a loud hum. Using a noise gate would remove such 
hum and only let through the wanted guitar signal.  

Figure 2-4: Signal when not strumming on a guitar and does not go through a pedal 

Figure 2-5: Signal when not strumming on a guitar and goes through an overdrive pedal 
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A noise gate usually has some controllable settings to maximize the user experience. 
The main setting is the threshold setting which adjusts which level the signal needs 
to attain in order to not become muted. When the signal reaches an amplitude above 
the set threshold, the gates open and lets it through. When the signal is below the 
threshold, no signal at all should reach the output (see Figure 2-6).  

The attack setting controls how soft the gate opens. This setting adjusts how much 
time it takes for the gate to become fully opened. If it takes too long to open the gate, 
the first part of the audio will not be heard. If the gate opens too fast, it could result 
in unwanted pop- or clicking sounds. 

The hold and release settings determine how long the gate should be open or 
respectively how long it should take for the gate to close, after the signal falls below 
the threshold value. If the signal then reaches the required amplitude to open the 
gate during the hold time, the gate of course opens up again. These settings are 
adjusted together and are useful in different situations. When recording drums, the 
gate should close between each hit on the pads to minimalize unwanted noise. But 
when recording voice, it sounds better if the gate is open between each phrase of the 
song and only mutes after one or two seconds without any singing.  

 

Figure 2-6: Noise gate concept 

2.3 Related work 

This part of the background discusses related works to the project.  These works are 
used as inspiration and will provide a starting point for the project to continue.   

2.3.1 Distortion pedals today 

There is a wide range of distortion pedals available on the market today, where Boss 
is one manufacturer which is popular among musicians. Their model DS-1, which 
was introduced in 1978 is still being sold today (for around 599 SEK) with its original, 
unchanged design [5]. Guitarists who want to modify their pedals can easily find 
guides that describe how to do so online [6]. This incorporates changing values of 
components such as resistors, diodes, and capacitors to match a desired sound.  
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The distortion pedal used as inspiration for the project is the BOSS SD1 SUPER 
OVERDRIVE pedal. The circuit has been backwards engineered multiple times and 
there are different amateur modification guides for this pedal [7] [8] [9]. Since these 
are works made by amateurs, multiple schematics will be evaluated for a more 
trustworthy starting point.  

2.3.2 Noise Gate Pedals 

There are dedicated pedals that act as a noise gate, an example being the BOSS NF1 
[10]. It has a sensitivity knob which lets the user set the appropriate threshold were 
the signal from their guitar should be cut off.  There’s also a decay knob that 
determines how fast the signal should be muted. A modern noise gate pedal costs 
around 1000 SEK.  

2.3.3 Muting circuits for audio and JFET 

In an extensive article written by Rod Elliot of Elliot sound Products [11], different 
ways for an analogue circuit to mute an audio signal are discussed. The different 
circuits use different components like relays, transistors, and diodes to achieve a 
muted signal. In the conclusion, it is stated that the ideal mute circuit should be able 
to attenuate the signal in the absence of power, and then be able to be unmuted by 
an active system. Only two types of technologies satisfied the criteria, the relay and 
the JFETs. The distortion pedal to be constructed should be able to work with only a 
battery as a power source, and since the article suggests JFETs for battery powered 
equipment, the prototype will use them for its noise gate.  

Junction Field Effect Transistors are semiconductor devices which has three 
terminals; source, drain, and gate. A conducting material between the terminals 
source and drain lets the electric charge flow through the transistor. When applying 
a negative voltage to the gate terminal, the depletion area in the transistor starts to 
grow and pinch off the electrical flow between source and drain (this concept is 
shown in Figure 2-7). With a high enough negative voltage on the gate terminal, the 
depletion mode can fully block the path between source and drain [12].  

 

Figure 2-7: JFET Concept 
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2.4 Summary 

An electric guitar works as a signal generator. This signal can be manipulated 
through different methods, but a common way today is using an effect pedal. A well-
known effect is called distortion which is achieved by either boosting the signal’s 
amplitude above the amplifiers designed limit so that the signals peaks becomes 
squared shaped, or by using diodes to clip the peaks into square shapes. This effect 
and other interfering electronics can cause a noisy signal that’s unpleasant to listen 
to. Technology that mutes the signal in order to not have to hear noise, like noise 
gates, have been implemented into different fields for some time. This project 
ventures to combine the distortion effect technology with some type of noise gate in 
order to get a better experience when playing electric guitar.  
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3 Method 

Chapter 3 thoroughly describes the projects methodology and how the working 
process is structured.  

In order to work as efficiently as possible some basic project methods are 
implemented. A Gantt chart with estimated time-intervals representing different 
phases as well as deadlines is created. To remember the most important tasks of each 
day, a diary is kept. All documents are shared within the group through Microsoft’s 
cloud storage called OneDrive. It also allows for simultaneous editing of documents. 
All remote communication in the group takes place on Facebook’s messaging service, 
as well as e-mail.  

3.1 Literature Study  

After setting up the basics, a literature study is initiated were research about the 
touching subjects is found from different sources. Multiple search tools, like Google, 
Google Scholar and KTH’s Primo are used in order to find as many high quality 
sources as needed to understand the relevant subjects and give insight in how the 
project can be executed.  

3.2 Simulations 

To test ideas and circuitry before constructing experiments, simulations will be 
conducted to faster get a better understanding of different ideas. The two programs 
used for simulations are QUCS and LiveSPICE, and they are described in section 3.6. 

3.3 Experiments 

After a simulation is complete, a real-world circuit is usually built in order to 
compare the theory to the practical. There could be multiple real-world variables that 
are not accounted for in the simulations and could affect the final product if not 
addressed. The experiment consists of constructing the circuit using breadboards 
were components, found in the lab at KTH Kista or ordered online, can be connected 
with wires. Figure 3-1 shows how a circuit constructed on a breadboard. 
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In order to test the functionality of the circuit, different nodes are measured using 

devices such as multimeters and oscilloscopes as shown in Figure 3-2. The test result 

must be analysed by comparing it to theories and hypothesis. Afterwards, a 

conclusion can be drawn whether the construction works as intended or if 

corrections are needed. Once enough of the circuit is constructed it can also be tested 

by connecting a speaker to the output. This time the result will be analysed by the 

human ear and the satisfaction of the result comes from subjective opinions.  

 

 

Figure 3-1: Example of circuit constructed on a breadboard 

Figure 3-2: Example of testing a constructed circuit 
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Circuits constructed on a breadboard can have some errors and are not 100% 
reliable. Errors like faulty or misplaced components, bad connections, and long wires 
can contribute to all kinds of undesired or desired results. In order to avoid such 
errors, short wires are used and each component-value is verified before connected 
to the board. But as the circuit gets bigger, it becomes difficult to fit everything on 
one board and longer wires are necessary.  

3.4 PCB design and construction 

The program used to draw the full circuit developed during the project is DipTrace 
Schematics. DipTrace can then put the full circuit into its PCB Layout program where 
all the components used has all its connections saved, but now shows its PCB pads 
used to later solder the physical component to the board. The components are then 
manually placed and connected with copper traces. 

After finishing the PCB design, so called gerber-files are generated. These files are 
what companies use to manufacture the board. The board is ordered from 
seeedstudio.com [13] and delivered within a week.  

3.5 Hardware 

Various hardware is used to test and measure the circuitry. Two different electric 
guitars are available. One older Vester Stage (see Figure 3-3) and a newer Epiphone 
Les Paul 100 (see Figure 3-4) are used to test the functionality of the prototype 
together with all the necessary peripherals like 6.3 mm cords and two different 
amplifiers (see Figure 3-5).  The older Vester Stage guitar has so called single-coil 
pickups, while the Epiphone has humbucker pickups. This will lead to a big 
difference in their output amplitude (the humbuckers are significantly louder) which 
will be relevant to know in the experiment described in chapter 3.7.4. A BOSS SD1 
SUPER OVERDRIVE is also available to compare a commercially available pedal 
with the constructed prototype.  

 

Figure 3-3: Vester stage electric guitar 
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Figure 3-4: Epiphone Les Paul 100 and BOSS SD1 SUPER OVERDRIVE Pedal 

 

 

Figure 3-5: Two speakers used to test the circuitry 

To measure DC voltage and to detect short circuits a Fluke 45 multimeter (see Figure 
3-6) is used [14]. To measure AC voltage, frequency, and to look at the curvature of 
the generated signal, an Agilent DSO-X 2014A oscilloscope (see Figure 3-7) is used 
[15].  To create a consistent AC signal, the Phillips PM 5139 function generator (see 
Figure 3-8) is used [16].  
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Figure 3-6: Fluke 45 multimeter 

 

 

Figure 3-7: Oscilloscope Agilent DSO-X 2014A 

 

 

Figure 3-8: Phillips PM 5139 function generator 

 

3.6 Software 

The following programs are used in the project: 

• QUCS [17]. QUCS stands for “Quite Universal Circuit Simulator”. It is a tool 
that is free to use since it is released under the GPL license. This program is 
used to simulate the complete circuit. Using this tool, it is possible to generate 
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graphs to evaluate how different component values affect the frequency 
response.  

• LiveSPICE [18]. LiveSPICE is another free to use program which is similar to 
QUCS. In LiveSPICE it is possible to design an electrical circuit like an effect 
pedal, and then connect an electrical guitar to be used as a signal source. It is 
then possible to listen in real time to how that circuit would sound like. 
However, this program is not capable of producing graphs of frequency 
responses for circuits, so it is better suited for testing out already designed 
circuits.  

To design the PCB, a program suite from DipTrace is used [19]. It consists of a few 
different programs; 

• Schematic capture. This was used to draw the entire circuit by connecting all 
the included components and wires. 

• Component editor. Many components are already available to insert directly 
in the schematic but others had to be designed by the authors. 

• Pattern editor. Every component has to have a pattern for the soldering, and 
for those components that don’t come with the program, they had to designed 
manually. 

• PCB Layout. Once the schematic was complete with all components, patterns, 
and wires, the PCB could be constructed using this program. 

3.7 Evaluating the prototype 

The prototype that is constructed in the project provides an experience mostly 
judged by how it sounds. To easily present some of the functionality of the 
constructed prototype with only text and figures, five tests are conducted. These tests 
are presented and explained in this chapter, the results are presented in chapter 5.3, 
and then discussed in chapter 6. 

3.7.1 The efficiency of the prototype’s noise removal 

The prototype’s main goal is to remove the noise created by different sources, like 
the distortion circuit or the guitar. To visualize the efficiency of the prototype’s noise 
removal, an oscilloscope will measure the output of the prototype when connected 
to a guitar that is not being played. Then the result will be compared to the 
commercially available BOSS SD1 SUPER OVERDRIVE pedal, which undergoes the 
same experiment.  

3.7.2 The tone controller 

The prototype’s tone controller adjusts which range of notes (frequencies) will have 
a higher amplitude, i.e. be louder. To adjust that range, a potentiometer is used to 
control the circuitry, which can be rotated around 300 degrees.  

To show the efficiency of the tone controller, a function generator will give a sine 
curve with a 1V amplitude (peak to peak) to the input of the prototype. The output’s 
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peak to peak amplitude is then measured by an oscilloscope. The measuring is done 
at different measuring points which has different frequencies on the input. Each 
point measured will have an input signal between 80 Hz to 1300 Hz, to simulate how 
different notes on the guitar will vary in amplitude. The prototype’s settings are set 
as follows; the volume is maxed, the distortion is minimized, and the sensitivity is 
maxed but it shouldn’t have any effect on the experiment.   

The test is performed on three different positions of the tone setting; rotated all the 
way counter-clockwise, the knob is in the middle position, and rotated fully 
clockwise. The test is done again for the BOSS SD1 pedal so that the two results can 
be compared.  

3.7.3 Distortion by the prototype 

One of the set goals for the project is for the prototype to distort the guitar signal 
relatively alike a commercially available distortion pedal. Today the norm is to 
compare different distortion pedals subjectively by listening to them, as opposed to 
analysing their output curves. However, an image of the prototype’s output curve, 
compared to a commercially available pedal’s output curve, could give insight to if 
the goal was achieved or not.  

To show how the prototype distorts the signal, a signal generator will give an input 
of 1v peak to peak to the input of the prototype with its distortion setting maxed. The 
output is then measured by an oscilloscope. The resulting curve is compared to an 
image of the curve generated by the BOSS SD1 pedal which was achieved through the 
same experiment. The distorted curve is measured at three different frequencies to 
get a broader understanding of the prototype’s distortion.  

3.7.4 The noise gate’s threshold setting 

The prototype’s sensitivity setting determines the threshold value for the noise gate. 
To show how much of a difference the threshold setting does in numbers, a function 
generator gives a signal, which is varied in both peak to peak amplitude and 
frequency, to the input of the prototype. An oscilloscope measures the output and 
shows at which input amplitude the noise gate is shut close, and then opened again. 
The test is conducted at two of the sensitivity knobs positions, turned all the way 
counter-clockwise, and fully clockwise, to show the most drastic differences.   

3.7.5 The noise gate’s unwanted popping sounds 

The prototype’s noise gate creates small popping sounds when the input signal is 
very low but not low enough for the noise gate to be fully closed. To try and see how 
the output curve looks in this state, a function generator gives a very low amplitude 
input signal, at an arbitrary frequency, where to popping sound is heard consistently. 
An oscilloscope measures the output of the prototype. The goal of the test is to 
hopefully see what the curve looks like during this state which could give insight of 
how it sounds. 
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4 Design and construction of the guitar pedal 

This section describes the process developing the circuit as well as how the different 
sections of the circuit functions.  

4.1 Quick overview of the prototype 

The prototype that is developed during the project is connected between an electrical 
guitar and a speaker. It consists of the following components: 

1) Input jack for the guitar. 
2) Output jack to a speaker. 
3) DC jack where an DC adaptor, that converts 230V AC to 9V DC, can be 

connected. 
4) Battery connector for a 9V battery. 
5) Switch to enable the user to either activate the effect pedal or use true bypass 

which completely bypasses the circuit and lets the signal pass from the guitar 
to the speaker completely unaltered. 

6) Audio buffers which stabilizes the signal at certain stages. 
7) A distortion stage which distorts the input signal. Together with a control 

knob which lets the user control how distorted the signal should be.  
8) A tone control stage which lets the user control which frequencies should be 

boosted by adjusting a control knob. 
9) A noise gate with a sensitivity control knob which lets the user adjust the 

threshold value of the noise gate. 
10) A volume control which lets the user control the output volume by adjusting 

a control knob. 

Figure 4-1 shows a block diagram of the whole prototype. The figure gives a better 
understanding of in what order all the different sections come and how they are 
connected. The full circuit and the related bill of materials can be found in appendix 
A and B respectively.  

 

Figure 4-1: Block diagram of the prototype 
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4.2 The Single Power Supply 

To power the circuit a normal 9V battery is used, in conjunction with a DC-adaptor 
to enable 230V AC to be converted to 9V DC. The DC jack has a clever function which 
automatically switches from battery power to external power, whenever the DC 
adaptor is plugged in, with the help of a mechanical switch. This is a normal function 
in guitar pedals and is used to conserve battery power easily for the end user. 

Several operational amplifiers (“op-amps”) were used in the circuit, and they 
normally require two separate voltage sources; one to provide the positive voltage, 
and another to provide the negative. They are then connected to let the op-amp 
amplify both positive and negative voltages which is needed to amplify an AC voltage 
source used for audio. 

However, in this scenario only a single voltage source is available. A voltage divider 
is then needed to provide a virtual ground around which the op-amps can amplify 
the AC signal. In this case, since the voltage source is 9V, 4.5V was chosen to be the 
virtual ground. 

It is crucial that the virtual ground stays close to 4.5V constantly, otherwise audio 
would be distorted because the positive and negative parts of the signal would be 
amplified differently. To ensure this, an op-amp is connected to the voltage divider 
created by the two resistors that were used, creating a so called active voltage divider, 
as can be seen in Figure 4-2. R25 and R27 create the 4.5V used as virtual ground. 
This is connected to the non-inverting input of the op-amp. The output is then 
connected to the inverting input. Since an op-amp always keeps the voltage between 
the inputs at around 0V, and the output is connected to the inverting input, a stable 
4.5V is guaranteed for the rest of the circuit to function properly. 

 

Figure 4-2: Power supply circuit 
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4.3 Audio Buffers 

For the signal source to stay unaffected by the load that the circuit produces, an input 
buffer is needed. This is implemented using an NPN transistor connected as shown 
in Figure 4-3. Capacitors C4 and C6 make sure that no DC voltage is being 
transmitted to neither the guitar nor the next stage of the circuit, which is the 
distortion stage.  

 

Figure 4-3: input buffer 

By the same logic, a buffer is used to protect the distortion stage from the load that 
the rest of the circuit produced. This works in the same way as the input buffer and 
can be seen in Figure 4-4.  

 

Figure 4-4: distortion buffer 
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4.4 The Distortion Circuit 

The distortion part of the circuit is inspired by the BOSS SD1 SUPER OVERDRIVE 
effect pedal and it was chosen as inspiration for a few reasons. The SD1 satisfies the 
requirements necessary to fulfil the goal of the project by distorting the signal with 
diodes as well as having volume, gain and tone controls. The product is relatively 
cheap on the market which would also help towards the demand of the whole 
circuitry being at a lower cost than a dedicated noise gate pedal. A functioning SD1 
pedal is available during the project and is used as a tool to compare measurements, 
functionality and sound.  

The circuit consists of multiple stages that all contribute towards the sound of the 
output signal. This section will continue by describing these stages and their 
functions.  

4.4.1 Distortion Stage 

In order to get the distortion effect, this circuit uses a version of a logarithmic 
amplifier [2]. This means that the diodes are placed in the feedback loop of the 
operational amplifier which leads to the output of the op amp becoming proportional 
to the natural logarithm of the input voltage.  

There are three diodes used in the distortion stage, two in the direction of the 
negative input of the op amp, and one towards the output. This will lead to an 
unbalanced distorted signal which gives the distinctive and iconic sound of the SD1.  

 

Figure 4-5: distortion control 

4.4.2 Tone Control 

A tone control stage is implemented to allow the user to modify the sound to their 
liking.  
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The tone control can be seen in Figure 4-6. R8 and C8 create a first order low pass 
filter. When the potentiometer is turned, C1, R1, and the potentiometer create 
another low pass filter in combination with the already mentioned first low pass 
filter. When these two filters are combined, either low or high frequencies get 
removed. 

 

Figure 4-6: tone control 

A simulation of the tone control predicts how the different frequencies react to the 
filters. Depending on the controller knobs position, each note struck behaves 
differently. Figure 4-7 shows how different positions of the controller knob affect the 
amplitude for different frequencies. When the knob is rotated fully counter-
clockwise, the higher frequencies are quieter, creating a more bass heavy sound. 
Rotated fully clockwise, the higher frequencies are boosted and therefore creating a 
more treble sound.   

 

Figure 4-7: Simulation of Tone Control 
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4.4.3 Volume Control 

A simple potentiometer is used as a volume control. It works by letting the 
potentiometer adjust how much of the signal should be bled off to virtual ground. 
C15 and C13 protect the rest of the circuit and the speaker respectively from any DC 
voltages that could otherwise be damaging to other parts. 

 

Figure 4-8: volume control 

4.5 The Noise Gate 

To achieve effective muting of the output when wanted, in this case when the guitar 
is not played, a noise gate consisting of two sections is constructed.  

4.5.1 JFET transistors to mute the signal 

The first section includes the actual muting functionality. It is achieved by three 
parallel connected Junction Field Effect Transistors, were the signal is connected to 
the source of the transistors and their drain connection is wired to ground. A JFET 
can gradually vary between a conducting or a nonconducting state, either letting the 
signal through to ground, or cutting the connection off. When the transistor is 
conducting and the signal is grounded, the signal never reaches the output since it 
takes the path of least resistance to ground and is therefore effectively muted. If the 
JFET is closed the signal does not go to ground and instead moves towards the 
output. A single JFET can effectively dampen the signal by around 44dB which is not 
enough to remove everything that reaches the output and therefore it is necessary to 
put multiple transistor in the configuration shown in Figure 4-9 [11]. The circuit in 
the figure is designed for a Printed Circuit Board which is why there are six 
transistors. Three of the them are surface mounted, and the other three are hole 
mounted. These are added for the possibility of testing different transistors.   
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The JFETs are in their normal state conductive. In order to cut their connection to 
ground, a negative DC voltage to the transistors’ gate node is required. The amplitude 
needed to “turn on” the transistors varies between different models. In this case, at 
least -3V is needed. 

4.5.2 Creating the control signal 

For the transistors to let the guitar signal through the muting section, a DC voltage 
needs to be applied to the transistors’ gate terminal at the same time as the guitar 
signal passes through the muting section. The way to accomplish this is to lead the 
guitar signal into two separate paths. The first path leads through the muting section 
explained in the previous subchapter, while the other becomes a control signal.   

If the distorted guitar signal is to be used as a control signal for the transistors, it 
needs to be rectified to DC and amplified to the required amplitude. When rectifying 
an AC signal to DC, it loses a lot of amplitude and the guitar signal does not have the 
required amplitude to be rectified. Therefore, the first step is to amplify it. The signal 
goes through an op-amp amplification circuit as shown in Figure 4-10. It it 
compensated with the virtual ground so the signal gets evenly amplified on both its 
negative and positive components. A potentiometer with a nominal value of 100k 
ohm and a resistor of 22k ohm is connected in the feedback loop of the amplifier. It 
makes it possible to adjust the gain for the op-amp that magnifies the signal. This is 
used as a sensitivity control, also known as the noise gate’s threshold value control. 
Different guitars have different amplitudes on its output which means that the 
control signal would become different depending on which guitar is plugged in. The 
potentiometer will allow different guitars to generate the necessary amplitude and 

Figure 4-9: JFETs transistor muting circuit 
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thus the desired function of the muting. The 22k ohm resistor works as a lowest value 
setting.  

 

Figure 4-10: Op-amp for mute sensitivity 

After the amplification, the AC signal is rectified into DC. The rectifier, as shown in 
Figure 4-11, involves four diodes and a capacitor (c10). The rectifier outputs a voltage 
with sufficient amplitude to control the JFETs of the muting stage. 

 

Figure 4-11: Rectifier 
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4.6 The PCBs  

Two different Printed Circuit Boards are designed from the same schematic. The two 
different boards both follow the same schematic design regarding which components 
to put where, but one is designed for hole mounted components, and the other for 
surface mounted components. Since hole mounted components are much larger 
than surface mounted, that board is larger; measuring 100 x 100 mm. The holes for 
mounting a resistor are typically about 10 mm apart, while the pads used to solder 
the surface mounted resistors only take up about 3 mm. This board can be seen in 
Figure 4-12. The smaller board can be seen in Figure 4-13. 

 

 

Figure 4-12: PCB for through hole mounted components 
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Figure 4-13: PCB for surface mounted components 

 

By using the software DipTrace, the circuit is translated into a Printed Circuit Board 
(PCB). The full circuit is drawn in DipTrace Schematic by using some premade 
components from user created libraries. The components consist of its schematic 
visual design, the pattern used to solder the component to the board, and the 
connection between the two. Not all components used in the circuit exist in these 
libraries and must therefore be created manually, either from scratch, or by 
connecting an existing component design with a different pattern. When designing 
the circuit for a PCB, some precautions are taken. Adding extra components to the 
board makes it more flexible enabling it to be changed if something is not working 
as expected. This is how the muting stage is designed as shown in Figure 4-9. While 
the original design called for three JFETs for muting, an additional JFET is 
connected in parallel to each of the original JFETs. These are of a different model 
and can be used instead of the original three.  

The boards are ordered online from a company called Seeed Studio [13] and 
delivered within a week. 

4.7 The Wiring 

Electric guitars use 6.3 mm audio jacks to connect to pedals or speakers. Two of these 
need to be connected to the board, one input and one output, for it to work properly. 
The board also needs power, in this case both a battery connector and a DC jack for 
external power, and a switching mechanic to turn the circuit on and off. This is all 
connected to the board by wires since it usually would be connected to a casing of 
some sorts and the flexibility would then be crucial.  
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The schematic shown in Figure 4-14 is designed around a two-pole double-throw 
hand switch [20]. All the wires used are somewhat shielded and cut short, aiming for 
as little interference as possible. The following chapters go more in-depth about the 
different components in the wiring schematic.  

 

 

4.7.1 Input and output jacks 

Electric guitars use a 6.3 mm audio connector. Two different types of connectors are 
necessary when using both a battery and a DC-jack for power. The input is a stereo 
6.3 mm socket and the output is a mono 6.3 mm socket (a stereo socket would work 
here as well). The reason why a stereo socket is required for the input is that the third 
pin called ring is connected straight to the negative terminal of the battery. This 
means that the battery will only have its power loop closed when a guitar is connected 
to the socket. This will effectively save charge on the battery. 

4.7.2 Power connections 

It is very common today for pedals to be both powered by a battery as well as a DC 
adapter plugged into a wall outlet. This gives the pedal more mobility and can also 
be used during longer intervals without any worry of a loss of power.  

 

Figure 4-14: schematic of wiring of the pedal 
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How the power sources can cooperate with each other is due to the DC jack having a 
mechanical switching mechanism. As shown in Figure 4-15, pin number 3 actually 
touches pin number two, which is the output, when the DC adapter is not plugged in. 
This means that the positive terminal that is connected to pin 3 (shown in figure 
Figure 4-14) is giving the circuit power. When the DC adapter is plugged in, it breaks 
the connection between pin 2 and 3 and now only the adapter is giving the circuit 
power.  

4.7.3 The two-pole double-throw switch 

To effectively turn off the pedal, a switch is implemented. The switch used is called a 
two-pole double-throw switch and with it, it is possible to bypass the PCB and let the 
clean guitar signal go directly to the output. This is also called a true bypass and it’s 
shown in Figure 4-16.  

 

Figure 4-15: DC jack pins 

Figure 4-16: Schematic of two-pole double-throw wiring 
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The switch can be in two positions. In position one the two upper pins are connected 
to the middle pins, meaning that pin 1 is connected to pin 2 and pin 4 is connected 
to pin 5. In position two, the two lower pins are connected to the pins in the middle, 
meaning that pin 3 is connected to pin 2 and pin 6 is connected to pin 5. The circuit 
is connected so that pin 2, which gives the input to the PCB, is either connected to 
the input from the guitar, or it is connected to ground. Pin 5, which gives the output 
of the pedal, is either connected to the output from the PCB, or connected to the clean 
input from the guitar. This will not actually turn the power off, but it essentially will 
have the same effect. 
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5 Results and Analysis 

In this chapter, the results are presented. 

5.1 Major results 

A circuit has been designed and printed on to two circuit boards with its components 
soldered on to it together with the necessary wiring for the input, output, power and 
switching. The created pedals distort the guitar signal to a distorted tone and 
removes all unwanted noise that would reach an amplifier when the guitar is not 
played. The pedals have four adjustable potentiometers that control the volume of 
the output (volume), the signal’s tone (tone), how distorted the signal should be 
(drive), and what value the threshold of the noise gate should be (sensitivity). Figure 
5-1 shows the finished prototype using the printed circuit board with surface 
mounted components while Figure 5-2 shows the hole mounted design.  

 

 

Figure 5-1: Complete prototype with surface mounted components 
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5.2 Compared to the goal 

This subchapter compares the result to the goals set at the beginning of the project. 

5.2.1 Sound of the distortion 

The circuit objectively distorts the signal and the protype has a functioning 
potentiometer which allows the user to adjust how distorted the signal should be. 
The drive control also has a big impact on the pedal’s output volume and when the 
knob is turned counter-clockwise, meaning less drive and less distortion, the signal’s 
amplitude also becomes much lower. At the minimum level it is so low that the signal 
becomes barely audible. This is dependent on the output speaker and the volume it 
is set to. 

The circuit’s tone control has a clearly noticeable effect on the sound. When the 
adjustment knob is turned all the way counter-clockwise it filters out the higher 
frequencies and it creates a more bass heavy sound. When turned all the way 
clockwise the higher frequencies are boosted and creates a more trebled sound. 

The volume control works sufficiently and can create a drastic difference in volume, 
even turning it down to a completely silent state.  

Figure 5-2: Complete prototype with hole mounted components 



 Results and Analysis I 37

 

  

5.2.2 The switching and bypass 

The constructed prototype uses a two-pole double-throw switch and can switch 
between two states. Either the signal goes through the circuitry on the PCB and 
therefore distorting it, or it bypasses it and the clean guitar signal goes straight to the 
output. The switching between the two states occurs instantly and no popping sound 
is created.  

There is no indicating LED that tells whether the pedal is turned on or off.  

5.2.3 Input and Output 

The created prototype uses two 6.3 mm sockets. The input socket is a stereo 6.3 mm 
socket which makes it so the battery’s closed electrical loop is disconnected when the 
guitar chord is unplugged and the battery does not lose charge. The output is a mono 
6.3 mm socket and servers no other purposes than outputting the signal.  

5.2.4 Power connectors 

The created prototype has both a battery connector and a DC-jack which can be used 
with a DC power adapter. Both power sources can be connected at the same time or 
independently. If the battery is connected and in use, and then a power adapter is 
plugged into the DC-jack, popping sounds can be heard as the plug is being pushed 
into the jack. These popping sounds are annoying and occur every time the plug is 
being pushed in and the circuit is already powered as the output is connected to a 
speaker.  

5.2.5 Noise gate 

The constructed prototype uses three JFET transistors to effectively mute the signal. 
The prototype also has a potentiometer to control which amplitude the input signal 
needs to have to not be muted. Once the input signal is below the specified 
amplitude, the muting happens sometimes instantly, and sometimes over a longer 
period of time, up to a second. In the process of muting the signal, the transistors are 
in a state where they are neither fully open nor closed. This causes a distorted sound 
to occur which is uneasy on the ears. Once a louder signal is played, the audio is 
immediately heard and there is no delay at all. 

5.3 Experiments performed on the prototype 

A set of experiments, described in chapter 3.7, were conducted to give further insight 
into how well the prototype functions. 
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5.3.1 Result of “The efficiency of the prototype’s noise removal” experiment 

The following figures (Figure 5-3, Figure 5-4, and Figure 5-5) are from the 
experiment described in chapter 3.7.1. The result from the BOSS SD1 are always 
shown on the left side, and the result from the prototype are always shown on the 
right side: 

 

Figure 5-3: SD1 output vs the prototypes output when a guitar is connected but not played, shown at 10mv / square 

 

 

Figure 5-4: SD1 output vs the prototypes output when a guitar is connected but not played, shown at 20mv / square 

 

 

Figure 5-5: SD1 output vs the prototypes output when a guitar is connected but not played, shown at 50mv / square 
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The figures shown above clearly demonstrates how the noise is dampened 
significantly by the prototype. The oscilloscope shows a dampening of around 10-15 
mV, but the oscilloscope used is pushed to its lowest possible measuring limit. This 
means that the remaining noise that can be seen could possibly come from other 
sources or the machine itself as it cannot measure any lower values.  

5.3.2 Result of “The tone controller” experiment 

The following graphs showcase the result from the experiment described in chapter 
3.7.2. 

Figure 5-6: Tone controller graph for BOSS SD1 

 

 

Figure 5-7: Tone controller graph for prototype 

 

The prototype is noticeably louder than the BOSS SD1 which is clearly shown in 
Figure 5-6 and Figure 5-7. However, ignoring the amplitude difference, the curve 
created by the tone controller is almost an exact match to the BOSS SD1.  
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5.3.3 Result of “Distortion by the prototype” experiment 

The following figures (Figure 5-8, Figure 5-9, and Figure 5-10) are from the 
experiment described in chapter 3.7.3. The result from the BOSS SD1 are always 
shown on the left side, and the result from the prototype are always shown on the 
right side: 

 

Figure 5-8: SD1 distortion curve vs the prototypes distortion curve, shown at 80Hz 

 

 

Figure 5-9: SD1 distortion curve vs the prototypes distortion curve, shown at 150Hz 

 

 

Figure 5-10: SD1 distortion curve vs the prototypes distortion curve, shown at 330Hz 
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There are minimal differences between the BOSS SD1 and the prototype when 
looking at the distortion created by the two circuits. The main difference would be in 
amplitude as the prototype is around 25% louder. The prototype curve is also visibly 
rounder in Figure 5-8 than the SD1 in the “up-slope” in the middle of the figure.   

5.3.4 Result of “The noise gate’s threshold setting” experiment 

The sensitivity control knob controls the value of the noise gate’s threshold. As 
reference, the purple older Vester Stage guitar gives an output of around 400 mV at 
most, and around 50-100 mV when played softly. The newer Epiphone Les Paul 100 
has an output at a maximum of around 3V when playing as loud as possible, and 
around 300-500 mV when playing softly.  

The following tables show the result of the experiment described in chapter 3.7.4. 

Table 5-1: The sensitivity is set to low (meaning the threshold value is high) 

Frequency (Hz) mV when gates close mV when gates open 

80 51 99 
150 12 20 
330 2 5 
630 0 2 

 

Table 5-2: The sensitivity is set to high (meaning the threshold value is low) 

Frequency (Hz) mV when gates close mV when gates open 

80 13 14 
150 2 3 
220 0 1 

The experiment shows that there is a clear difference between the two extreme 
settings. 

5.3.5 Result of “The noise gate’s unwanted popping sounds” experiment 

The following are the results of the experiment described in chapter 3.7.5. 

Figure 5-11 shows an image of how the output curve looks like when the popping 
sound, created when the input signal is very low but not low enough to close the noise 
gate, is audible. The figure shows a curve achieved by an input signal of 8mV at 
150Hz. The little bump seen in the first section of the curve is unquestionably the 
popping sound that can be heard when listening to the output. When watching a live 
feed of the signal, multiple bumps can be seen along the curve at different places.  
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Figure 5-11: Output from the prototype when audible pops can be heard
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6 Conclusions and Future work 

This chapter is a discussion about the results, the final conclusions are drawn, and 
ideas for future work are discussed and presented. 

6.1 Conclusions 

This project set out to invent a prototype which could remove the noise that occurs 
when an electric guitar is connected to a distortion pedal. The end results show that 
it is possible to implement such a function and it works at an exceptionally well level. 
The prototype works nearly identical to what was imagined when starting the project. 
The sound created by the distortion circuit is impressive and comparable to a 
commercially available dedicated distortion pedal. Considering the delimitation set 
at the start of the project, the prototype exceeded the set expectations. There was not 
much experimenting with the distortion stage of the circuit. It would have been 
interesting to investigate with different diodes or a potentiometer with a larger 
nominal resistance to achieve a better sound. Both the tone control and the volume 
control do what they were designed to do. Adjusting the tone gives an effect which is 
clearly audible and can be used to create multiple different sounding tones which is 
wanted when playing guitar. The volume control can dampen the signal enough to 
be inaudible.  

The noise gate section of the prototype works largely as imagined. Any signal 
becomes muted once its amplitude is below the threshold specified by the 
corresponding potentiometer. Once the signal is muted, nothing at all is audible from 
the speaker which is exactly what the project set out to achieve. Immediately when a 
signal is loud enough it becomes audible without any perceivable delay. Sometimes 
during the muting process, a popping sound can be heard. While this mostly occurs 
when a note is struck and held out until it slowly fades away completely, which is not 
something too common in guitar playing, it is problematic enough that it needs to be 
solved before it could be sold on any market. The sensitivity control enables the 
prototype to work as intended with the two guitars used within the project. There are 
however situations where even setting the sensitivity to its maximum is not enough 
for the faintest signal to be audible. This state of letting any signal to become audible 
could be desired since this is how traditional distortion pedals work, so it would be a 
nice option. This could possibly be achieved by either increasing the amplification of 
the operational amplifier used to create the control signal or by inventing an entirely 
new way of controlling the noise gate’s threshold value.  

The only subgoal that was not achieved was to have an LED indicating if the pedal 
was on or off. The prototype has a two-pole double-throw switch which limits the use 
of an indicating LED. To easily implement this LED, a three-pole double-throw 
switch would be needed. It could not be acquired during this project.  
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6.2 Future work 

These are some of the ideas that could improve the prototype: 

• Change the switch to a three-pole double-throw switch and then implement 
the LED indicating the on and off state. For the convenience when working 
on and using this prototype, an LED indicating if the circuit has power or not 
could be implemented as well.  

• The prototype should be tested on more setups as it has only been tested on 
two different electric guitars. It is possible that the prototype does not 
function to a satisfactory degree with other guitars. 

• The prototype does not have any sort of casing encapsulating it. Creating a 
casing could have many benefits like improved shielding from electrical 
interference, more durable to physical damage from wear and tear, better 
looks, etc.  

• This prototype uses JFETs to mute the signal. They introduce the unwanted 
distortion audible when they change from their closed to open state. One way 
of solving this problem would be to invent an entirely new way of muting the 
signal.  
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