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Guitar Pedal Effects


In a guitar player’s lifetime, there sometimes comes a point when he is unable to find a specific sound with his guitar and amp regardless of how much tweaking and fine tuning is tried.  At these times, the guitarist frequently uses effects pedals to alter his instrument’s sound.  Although there is some inherent overlap and uncertainty, the acoustic contributions of the effects pedals can be grouped into four broad categories: (1) Boost, Compression, & Distortion; (2) Modulation; (3) Echo & Delay; and (4) Filtering & EQ-based effects. Below are a few examples of each grouping.

Boost, Compression, & Distortion


Being acoustically the first step away from the thin sound of a straight, clean amplified guitar, the “Boost, Compression, & Distortion” type of effect is the most popularly used.  At the same time, it is a relatively diverse category of effects pedals.

A typical transistor booster is intended to increase the guitar signal before it reaches the amplifier without adding any artifact like fuzz or distortion.  In other words, the guitar’s frequency and tone should be unchanged as it passes through except for the amplitude of the wave increasing.  Guitarists are still able to utilize the booster for a wide range of purposes.  Often, boosters are used to overdrive amps (creating distortion effects), to create a clean sound increase for a solo, to act as a buffer and line driver at the front of a long chain of effects, or to amplify the drained signal at the end of a similar long chain of sound effects.  Some boosters are designed to enhance only certain frequencies.  This effect was more commonly used beginning in the 1960s when guitarists wanted there higher frequencies to cut through the jumbled mix as bands became louder and louder.   With such a wide variety of uses, the wiring for this effect can range from the simplest to extremely complex circuits depending on the intended purpose.  Most other pedals contain a booster stage in addition to their other sound-shaping circuitry, making the pedal one of the more basic technological effects.
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Also dealing with amplitude, but in the opposite way, compressors reduce the dynamic range of a signal. Overall, it is essentially an automatic volume control.  As long as the intensity of sound is below a pre-set threshold value, there is no effect on the wave.  

Top figure:  Input signal into a typical compressor.  The dashed line is the threshold level.

Middle figure:  When the third peak of the input signal crosses the threshold value, the compressor starts to reduce the signal level.

Bottom figure:  Output signal level with the original signal shown with the dotted line.  Once again, the dashed line is the threshold level.
However, once the threshold is crossed, the intensity is dramatically curbed below the pre-set value as shown below. Compressors are frequently combined with a boosting stage, which raises the average level of a sound and thus makes it sound louder overall.  On a guitar, the compressors essentially smooth the attack and decay of a signal by softening the front edge of the note and amplifying its tail. The result allows guitarists to use compressors to thicken thin sounds and increase the touch and dynamic feel of their set-up.

Modulation


This category includes a wide range of sonic effects such as phasing, flanging, chorus, vibrato, tremolo, rotary speaker effects, octave dividers, and ring modulators. All of these effects stem from the desire to add depth, dimension, and movement to the guitar’s natural sound without completely distorting it. 


With phasing, the circuitry (shown below) achieves its characteristic swooshing sound by creating one or more notches in the frequency domain, which eliminates sound at the notch frequencies.  These notches are created by a simple filtering system, which mixes the filter output with the input signal.
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An “allpass filter,” named for the simple fact that it allows all frequencies to pass though with no attenuation or amplification, is used to shift the wave out of phase from 0 to 360 degrees through the entire range of the frequency spectrum. The type of filter used determines the location of each notch, the number of notches, and the width of the notches.  The amount of the filtered signal that gets mixed with the input signal is regulated by the depth control.  When the two waves are then blended together, the moving in-phase/out-of-phase relationship can be heard.  When a notch in the frequency response is swept across the frequency spectrum, the most dramatic sound effect occurs at the points between the notches, where both waves are completely in phase, and there is a full-strength signal.  However, leaving the notches static in the same places would simply emphasize the same low, middle, and high frequency notes while deleting the same notes at the notches.  Therefore, a phase circuit uses an oscillator to continually shift the point at which these notches and peaks occur, causing different frequencies to be emphasized and de-emphasized with each pass.  The rate of this oscillation can be controlled by the unit’s speed or rate knob.  


Often considered the big brother of phasing, flanging is related in a general sense but involves more control over the placement of the notches created by the phase relationship, in lieu of spacing them evenly as the phaser’s sweep does.  In general, phasers have between four and ten stages, while flangers have hundreds.  The result is the heavier, oppressive sound characteristic of flanging.


The chorus pedal works in a very similar manner to a flanger.  The difference is that the short phasing delays of a chorus pedal, used to create harmonically spaced notches and peaks in the frequency spectrum, adjust more tightly above and below specific frequency ranges, rather than shifted to swoosh broadly up and down the entire spectrum as with the flanger.  This creates a chorus like sound (ie: like a group of singers or strings where voices/strings inevitably waver slightly) that similarly produces a clash of harmonics and “creates” space.


Tremolo, on the other hand, can be considered a genre all to itself, but it is grouped here because it essentially rapidly modulates a signal between on-state and off-state positions.  It results in a periodic variation in the amplitude of the note and a unique volume-chopping effect.


Ring modulators also produce a very unique effect.  The effect takes signals from two sources—either from two separate inputs or, more commonly, one input and one internal oscillator called a carrier frequency—and multiplies them to produce a new signal with notes at both the sum and difference of the frequencies to the two source signals.  Most systems will also feed a small portion of the initial input signal back to pix with the messy output in order to regain a degree of the original note.  The unique blend of the original guitar signal and the sum-and-difference signal produces a tune that is usually percussive and dissonant but sometimes very effective. The sound must be heard to be fully understood.

Echo & Delay


The effects in this category, echo and delay, are somewhat self-explanatory and can create atmospheric adulterations mimicking the locations of a tiled bathroom or a large cathedral.  The two effects are versions of the same acoustic phenomenon.  Echo often refers to the simple distinct and distant repetition of a single sound, while delay covers a more complex range of sound effects: anything from the shorter repetition heard as reverberation to the more complex, manipulated repeats of an intricate digital delay line.  Either way, the two effects are the same technique used slightly differently.


The delay is one of the simplest sound effects, but its applications can also be extremely dynamic.  A delay takes an audio signal and plays it back after a set delay time, which can range from several milliseconds to several seconds.  The most basic configuration (shown below) produces a single copy of the input and is referred to as an echo.
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Because a single echo effect is rather limiting, most delay pedals have a feedback or regeneration control, which tweaks the output of the delay and sends it back to the input (shown below).  With this set up, the feedback is repeated over and over and ultimately becomes quieter each time it plays back, eventually becoming ambient noise in the system.
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As stated above, the delays can be extremely dynamic.  A very short echo delay (50 to 100 milliseconds) creates a doubling effect as though two instruments were being played in unison.  This ultimately fills out the instrument’s sound and adds life to dull mixes, widens the guitar’s sound, and allows a guitarist to repeat a solo over itself.


If the delay time over 100 millisecond, the effect looses its subtleness.  A frequent, and interesting, usage of this group of effects is to match the delay time to the tempo of a song so that the delayed copies of the sound fall on the beat.  By extending the delay time over a second, the guitarist can play over himself and create harmonies even though he is playing one note at a time.

Filtering & EQ-based effects


A simple manipulation or filtering of the guitar frequency spectrum can produce some of the more emotive effects heard in music.  This grouping is characterized by the famous wah-wah pedal, as well as by the more active tone control of a graphic equalizer.


Although the wah-wah pedal is frequently described as a simple tone control with a rocking pedal, it is actually a little more complicated than that.  In reality, the circuit is a bandpass filter, which creates a peak in the frequency response that the guitarist can manually sweep up and down the frequency spectrum of the guitar (approximately 400 Hz to about 2.2 kHz).  When the established peak is swept through the portion of the spectrum which contains the notes being played, it emphasizes those frequencies and produces the characteristic wah sound.  The different amounts of resonance when this peak is swept also contributes to the sound, but the combined effect varies considerably from model to model.  Because of the unique nature of the effect, it is most associated with the 1960s psychedelic rock and 1970s funk.  During this period, the wah-wah pedals often included a fuzzbox to process the sound before the wah-wah circuit, which produced a dramatic combined effect known as fuzz-wah.


The wide range of effects created for the guitar in the last fifty years has brought a tremendous amount of versatile and life to the instrument.  No longer is the guitar simply limited to the background of the mix and to “hacking out” the rhythm.  It now has the ability to “roar, wail, cry, and sing” (Hunter 10) like many other vibrant instruments.

Works Cited

Hunter, Dave. Guitar Effects Pedals: the practical handbook. San Francisco, CA: Backbeat Books, 2004.

Massey, Howard. Effects Explained. 1995. Harmony Center. 28 May 2007.  <http://www.harmony-central.com/Effects/effects%2Dexplained.html>

