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Abstract 
The goal of this project is to build an electric guitar with an internal amplification system to 
allow for discrete playing without sacrificing the player’s ability to hear the guitar. There are 
three main parts of this project: the guitar body, the amplification circuitry, and the pickups. 
While an unfortunate accident made it impossible to put the guitar together by the Maker Faire, 
the pickups were able to cleanly represent the sound of vibrating strings, and the amplification 
circuit amplified the signal 200x while not adding noise. 



Introduction:  
Motivation 
Currently, the entertainment value of electric guitars is limited by the amplifiers that are nearby. 
If there is no amplifier, then electric guitars are extremely unsatisfying to play and listen to, as 
the sound is quiet and often tinny. Even if there is an amplifier, the sound of the guitar is limited 
by the control options on the amp, especially around equalization. The idea for this project came 
while struggling to play an electric guitar at night without waking up anyone else in the house. I 
had to use a convoluted system of cables that still went through the amplifier, so it was 
incredibly inconvenient.  To solve these problems, I plan to make a guitar that has a built in 
amplifier circuit and an innovative pickup system that will allow for pre-amplification 
equalization. This will result in a guitar that is satisfying to play on its own and in any 
circumstance simply by plugging in a pair of headphones. 
 

Why is it interesting? 
The electric guitar is one of the most versatile (and coolest!) instruments out there. When paired 
with a good amplifier, it can be right at home in a smooth jazz band or shredding heavy metal on 
a stage with pyrotechnics. However, it’s one of the few instruments that really requires an 
amplifier to shine, which makes it fairly unique, and is one of it’s only limitations. Therefore, 
placing a built-in amplifier to the speaker would allow it to be played enjoyably anywhere, which 
greatly expands the possibilities.  
 

History 
The earliest recorded mention of a stringed instrument is in carvings from the Mesopotamian and 
Babylonian empires almost 3,000 years ago. The most common of these instruments were the 
lute and the oud, both of which had very similar bowl-shaped bodies and necks that were bent at 
the nut. [1] 

 
Figure 1: A 1596 painting of a young boy playing a lute [2] 

 



As medieval society moved into the baroque era, lutes began to fade, and be replaced by 
hourglass instruments that began approaching the shape of modern guitars. At around this time, 
Christian Martin invented an innovative bracing system for the guitar that allowed it to withstand 
the increased tension from steel strings. [1] Up until that point, strings were almost exclusively 
made from animal intestine. [4] As the big band era of music came into full swing, guitars 
became less and less important due to the fact that they simply couldn't compete with the volume 
of horn instruments. [1] To solve this problem, in 1890 a naval officer named George Breed 
designed the precursor to today’s pickups that contained the same basic elements: magnets and 
metal strings. [5] This new design, widely considered to be the first application of electricity to 
stringed instruments, resulted in a “small but extremely heavy guitar with an unconventional 
playing technique that produced an exceptionally unusual and unguitarlike, continuously 
sustained sound.” [6]  

 
Figure 2: George Breed’s Electric pickup patent [16] 

While I was unable to find a circuit diagram or more detailed description of this pickup, images 
from a reconstruction effort by Matthew Hill imply that the guitar actually had current running 
through the strings, with two electromagnets on either side of the strings, instead of underneath. 
[16] Over 40 years after Breed’s invention, two men named George Beauchamp and Adolph 
Rickenbacker created a new version of the electric pickup that was both functional and compact. 
[5] This new design was partially inspired by Hawaiian music, as Beauchamp was an avid 
listener. In Hawaiian music, the guitar takes a frontal, melodic role, so amplification was 
necessary to ensure that it could be heard. [7] These new pickups led to the first electric guitar, 
the “Fry Pan.” [5]  

 



 
Figure 3: The “Fry Pan,” the earliest commercial electric guitar [8] 

Suddenly the guitar was able to be heard in big bands, marking a resurgence in jazz and swing 
music. [1] However, the hollow-body design of the guitars was problematic, as it tended to create 
feedback from the top plate resonating with the strings. The sound from the amplifier would 
cause the top of the guitar to vibrate, leading to vibration in the strings, which would then 
translate back into the amplifier, etc. To combat this problem, in 1940 Les Paul created “The 
Log,” which was basically just a 4” x 4” board with pickups. To make it more attractive, he 
added the two sides of a common hollowbody at the time. [9] This new design effectively 
eliminated feedback while also preserving a body that was light enough to play easily. 

 
Figure 4: Les Paul’s Log Solidbody Guitar [9] 

From there, the pace quickened, and in 1946 Leo Fender came out with a new type of guitar that 
only required a single electromagnet. [1] From there, luthiers began to split. Gibson came out 
with a semi-hollow guitar that could be played either acoustically or plugged in. [1] Companies 
began experimenting with amplifiers, pedal boards, and other effects. The guitar began to 
migrate from being almost solely used in jazz and swing to the newer forms of metal and rock, 
reclaiming it’s spot as one of the foremost instruments of our time. [1] 



 

Theory 
Pickups 
The purpose of pickups is to convert the movement of guitar strings into an electrical signal. 
They are constructed by winding a thin wire thousands of times around a magnetic core. This 
magnetic core creates a “magnetic environment” around the coil of wire.  

 
Figure 5: The magnetic field created by a pickup (side view) [12] 

When ferrous metal guitar strings are placed over the pickup, they alter the shape of the field, 
becoming a part of the “magnetic circuit.” [12] 
 

 
Figure 6: The magnetic field of a pickup interacting with a metal string [12] 



Whenever this environment is disturbed (in this case by the metal strings above the pickup), the 
coil generates voltage. The disturbance of the environment (change in magnetic flux) is 
essentially a mirror of the vibration of the string, so the resulting electric signal can be sent to an 
amplifier and directly turned into sound. 

 
Figure 7: Waveform from the pickup before and after plucking a string. 

 The voltage generated by a coil of wire can be described by Faraday’s Law: 

[10]V  −  ∆ = N ∆t
∆Φ

 

In this case, symbolizes the number of turns of the coil, and Φ symbolizes the magnetic flux, N  
which can be rewritten as , where is the external magnetic field and is the area of theB * A B A  
coil. [10] Therefore, the equation becomes 

[10]V  −  ∆ = N ∆t
∆(BA)

 

This equation is particularly helpful in understanding Figure 7. Intuitively, it makes sense that 
the change in voltage would have to oscillate between being positive and negative, which is 
supported by the equation, as the magnetic field changes with the oscillation of the string, andB  
is proportional to the change in voltage. The change in can be thought of by looking at FigureB  
6, and seeing that if the string were to vibrate, the magnetic field running through the string 
would be “pulled” around by the string. That movement is what changes the field and induces a 
voltage into the pickup 
 
Since the “sound” of a pickup is dependant on the voltage it generates, we can see that the sound 
of a pickup is influenced by three factors: number of winds, magnetic field, and pickup size. The 
magnetic field in pickups comes from a permanent magnet, usually placed on the underside of 
the pickup. For this project, each of the three pickups had a magnet of the same strength, so the 
magnetic field itself is essentially held constant between pickups. One pickup is much larger than 
the other two, and therefore has both a larger area and more windings. My prediction is that this 
will lead to a warmer tone, as the larger area will require a larger disturbance to get the same ∆Φ 
as that of a smaller pickup. The other two pickups are much smaller, and therefore have less 
winds. I predict that these pickups will have a brighter tone, for essentially the same reasons 
stated above. After testing, the larger pickup was louder than the smaller ones, but I was unable 
to hear a noticable difference between the actual sound of the pickups. 



 

Humbucking 
One of the major problems with single-coil pickups like the ones mentioned above is that they 
tend to act like antennas for electromagnetic interference. This can lead to “mains hum,” which 
is a low buzz caused by the natural electromagnetic radiation caused by AC elements like the 
power grid and transformers. [13] To reduce this, humbucking pickups were invented by Seth 
Lover. [14] Essentially, humbucking pickups consist of two pickups with opposite magnetic 
orientations, connected in series end-to-end. Because the outside electromagnetic interference 
hits both pickups at the same time, but they’re connected in opposite ways, the signals from the 
two pickups destructively interfere. [14] 

 
Figure 8: Destructive interference of humbucking coils [17] 

 The opposite polarity of the magnets mean that the magnetic field running through the coils is 
being disturbed in the opposite manner according to faraday’s law and therefore each pickup 
generates the opposite voltage as the other. Therefore, these signals constructively interfere with 
each other. Overall, this leads to pickups that reduce (“buck”) the mains hum and increase signal 
strength, dramatically improving the overall signal-to-noise ratio. [14]  
 

Design 
Body Shape 
I decided to make the body semi-hollow, with two wood blocks connecting the front and back of 
the guitar at the bridge and saddle. The design I made was an adaptation of a traditional 
telecaster body. I widened and rounded the sides, and then mirrored it so that the body is 
perfectly symmetrical around the neck. I then laser cut the body so that I could be sure of its 
exact dimensions.  
 

Pickups 
While the pickups individually are pretty standardized (see Theory section), the arrangement of 
them in this project is very unique. Instead of having two pickups that are each responsible for 
every string, the pickups are arranged in a diagonal formation. 



 
Figure 8: Pickup positioning 

This setup, combined with a switch to turn each pickup on and off at will, allows for a built-in 
equalizer, as the top pickup only really gets a signal from the lower pitch strings, and the bottom 
pickup only really gets a signal from the higher pitch strings. The pickups are also arranged as a 
humbucking trio, which explained more in the theory section above. 
 

Amplification Circuit 
The amplification circuit has two stages, a preamplifier, which raises the low voltages of the 
pickup to a workable level, and then the amplifier, which brings them all the way up to a level 
that can be heard from headphones. 
 



LM386 Preamplifier [15] 

 
Figure 9: The LM386 preamp circuit 

The preamp circuit employs an LM386 chip to amplify the sound. The signal first travels through 
a potentiometer that acts as a volume control, and then through the chip. I decided to remove the 
gain potentiometer and stick with the built in gain of 20, as LM386 chips tend to become very 
distorted at high gains, and I didn’t need the chip to do too much heavy lifting. All of the 
capacitors serve as filters to decouple the signal from ground so that small fluctuations in the 
current draw of the chip don’t cause spikes in the signal or power supply and add noise.  
 



LM3886 Amplifier [18] 

 
Figure 10: The LM3886 amplification circuit 

The amplification circuit employs the LM386’s significantly more complicated sibling, the 
LM3886 chip. This chip has a significantly higher maximum output, which makes it ideal for 
this type of amplification. After my LM386 chip was’t providing the necessary amplification, I 
asked Brian Mhatre if I could use one of his PCB boards for an amplification circuit that he was 
using. The circuit is shown above, and although it is more complicated, the basic idea is 
essentially the same as the pre-amp circuit. The main difference is that, while the LM386 has a 
built in gain system, the LM3886 requires a manual feedback look to achieve amplification. This 
is accomplished by placing a resistor that connects the output of the chip to its negative input 
(R4). Other than that, the extra capacitors serve the same purpose as in the above circuit, which 
is to allow spikes in current that may be caused by the chip to flow in a way that doesn’t 
contribute to the overall noise of the signal. 
 

Results 
Frankly there aren’t many results to report. Unfortunately I accidentally shattered the original 
guitar body I spent months working on two days before the faire, so I had to remake the body in 
a day. Ultimately, I was stopped from putting everything together and stringing it up by the 
limitations of glue drying times. That being said, although the guitar itself couldn't be put 



together, all of the individual pieces worked quite well. All of the pickups sounded clean, and 
had a very low amount of mains hum, which is a testament to the humbucking arrangement. The 
amplification circuits also worked very well, achieving amplification of about 200x, while also 
cleaning spikes out of the signal, which can be seen in Figure 11. 

 
Figure 11: A sine wave before (yellow) and after (green) going through the amplifier circuits. 

Amplification can be determined by looking at the legend in the bottom left corner. 
 

Conclusion 
While I was unable to put the guitar together by the Maker Faire, the results show that each of 
the individual components work, and that the only thing left to do is to assemble them all. That 
being said, the LM3886 is not an ideal chip for this project because it generates an incredible 
amount of heat, and there’s not an easy way to dissipate it all when the chip has to be contained 
within a guitar that’s held by a person who probably doesn’t want to be burned. If I did this 
project again, I would try to find a different op-amp that doesn’t overheat. 
 

Next Steps 
The main thing I would want to improve on is the heating problems of the LM3886. Because 
there’s not a good way to dissipate the heat, I’m going to try to find a different chip or circuit. 
Other than that, the next steps are just assembling the guitar and rocking away. I also think it 
would be an interesting project to use the knowledge I’ve gained from this project to make a 
more portable travel guitar. 
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Appendix A: Parts list 
Part Description Purpose Cost Place of Purchase 

Wood Guitar body and neck 
construction 

Depends on the 
wood, but ≈$50-100 

Home Depot or Aura 
Hardwoods 

Truss Rod Prevent guitar neck 
from bending due to 
string tension 

$15 Amazon 

Possible extra circuit 
components 

If the lab doesn’t 
have a particular 
component, I might 
need to order it 

$5 Amazon 

   



Appendix B: Pickup CAD 
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