
Bhatia	 1	

 
 
 
 
 
 

Noise Cancelling Headphones 
 
 

 
 
 
 
 
 
 
 
 
 
 

Niko Bhatia 
Dr. Dann 

ASR G Block 
3/27/17 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Abstract 
 The goal of this project is to build a pair of noise cancelling headphones that 
incorporate active and passive noise cancellation. The three main steps to this project are 
building the active noise cancellation circuit, designing and building the wooden 
headphones, and combining the noise cancellation circuit with the headphones. The 
passive noise cancellation effectively blocked out the ambient noise at the Maker Faire, 
and the active noise cancellation blocked out frequencies up to 2kHz, which is in the 
frequency range of an airplane engine. 
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I. Introduction 
The first ever noise cancelling headphones were created by Dr. Amar Bose in 

1986 after 8 years of research and development [2]. He was a professor at MIT and 
was inspired to be a pioneer in the new field of sound engineering on a loud plane 
ride from the US to Switzerland. The first people to use these headphones were the 
people who needed them the most, the pilots. In 1989, Bose produced the first 
commercially distributed pair of noise cancelling headphones specifically for aviators 
as seen below in Figure 1 [3].  

 
Figure 1: Bose Aviation Headset X, noise cancelling headphones for pilots 

that ran on 2 AA batteries or electricity from the plane [4] 
Although they worked and were very helpful for pilots, they were still too clunky 

and cumbersome for passengers to use at this point in time. In the year 2000, Bose 
created a consumer version of the product, which was more aesthetically pleasing, 
comfortable, and more compact. Due to the complexity and size of the electronics 
needed for active noise cancellation, they were still outside the headset in this pair of 
noise cancelling headphones as seen below in Figure 2.  

 
Figure 2: Bose QuietComfort noise cancelling headphones with external 

electronics (released in 2000) [5] 
In 2003 Bose condensed the electronics and was able to put them all within the 

over ear headphones. The adjustments to the product from then on were less drastic 
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and harder to notice. Microphones were not only placed outside to receive sound, but 
also inside and DSP (digital signal processor) chips have gotten faster [6]. Today 
there are many noise cancelling headphones, but the premier headphones are Bose’s 
most recent pair, the Bose QuietComfort 35 as shown below in Figure 3.  

 
Figure 3: Bose QuietComfort 35 noise cancelling headphones with 

internal electronics, released in 2016 [7] 
Recently the NFL has begun to use Bose noise cancelling headphones for NFL 

coaches on the sidelines of games [8].  
Noise canceling headphones today are either cheap because they only reduce 

noise through passive noise cancellation, or extremely expensive because they 
include both passive and active noise cancellation. This premium for the maximum 
noise cancellation is too expensive for many, and has caused noise canceling 
headphones to be owned by only the wealthy. 

Being able to focus in our distraction filled world is a struggle for everyone on the 
planet. Whether it is a student hearing a constant drone from his mom’s vacuum 
cleaner or the sound of cars driving by on El Camino, there is a situation for everyone 
where they need silence but cannot get it. Furthermore, there are high decibel level 
environments where one would want to program a pair of headphones to cancel one 
specific sound. For example, a construction worker needs to protect his ears from 
constant jackhammering or a factory worker needs to filter out a machine’s constant 
whirring. The noise canceling headphones in today’s world are made for general 
situations, while a programmable pair of noise canceling headphones would be far 
more beneficial for canceling specific sounds based on a specific environment. 
Furthermore, the premium of up to $350 for a pair of Bose Noise canceling 
headphones is impractical for the poor college student or the working class factory 
worker, and these noise cancelling headphones can be the alternative they need. 

Being able to customize a pair of affordable noise canceling headphones to cancel 
certain frequencies can allow this ear protection to be a product everyone can get their 
hands on, not just the wealthy. Hearing issues affect not only old people, and people 
can experience a loss of hearing earlier on in their life due to exposure to extremely 
loud noises throughout their life. From student to construction workers to factory 
workers, these noise canceling headphones can keep these people’s ears protected. 
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The project of noise cancelling headphones will allow for the exploration of 
electronics/circuits, design with CAD, and mechanical engineering. It is a project 
requiring mastery of skills in not just one category, and will educate me in many parts 
of the engineering world. The idea stemmed from a life long curiosity of noise 
cancelling headphones that began with my dad’s Bose noise cancelling headphones. 
He travelled for about 5 out of the 7 days in a week, and considered his headphones a 
necessity for flying. They were very expensive, so he never trusted me and my 
brother to use this advanced piece of technology. The mysterious technology has 
always fascinated me and my goal is to learn all the physics behind active and passive 
noise cancellation in the field of sound engineering, and create my own customized 
pair of noise cancelling headphones. The ideas page on the ASR page and an 
Instructables tutorial led to this project of making noise cancelling headphones [1]. 
My interest in electronics and woodwork led me to pick this project. The tutorial from 
Instructables showed that the circuit was quite complex, and research of wood 
headphones also showed the woodworking would not be simple either. The difficult 
circuit and woodworking was a challenge I wanted to take on, and one that I thought 
would be doable in the time given. My noise cancelling headphones will have an 
analog noise cancellation circuit, which is simpler than the digital noise cancellation 
circuit in a pair of Bose headphones, but still able to cancel the necessary frequencies. 
The headband and ear covers will be laser cut or hand made from wood and although 
it is harder to make, the sound quality of wood headphones is better. 

 
II. Design 

 
Overview 

The first step in the design process was to choose the material for the headphones. 
Due to the light weight, quality of sound, and cheap price of wood, it was chosen as 
the material for the headphones. Wood is a natural material so vibrates in a 
harmonious way, unlike other unnatural materials [19]. While 3D printing the 
headphones from plastic may have been easier, the sound quality would not have 
been as good, and the headphones would not have the same hand made quality feeling 
to them. 

 
Headband 

The headband was the first part to design, and after consulting with Mr. Ward, 
kerf cutting was determined to be the best way to bend the wood into the half circle 
headband shape. Kerf cutting is the process of cutting designs in the form of small 
slits in wood to allow it to bend as shown in Figure 4.  
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Figure 4: Kerf cut design to bend a sheet of flat plywood wood at a 90 degree 

angle [18] 
There was a lot of trial and error, for some kerf cutting designs were too flimsy, 

while others did not bend enough and would crack under pressure. After 5 or 6 
designs, the final design for the headband was laser cut as seen in Figure 5 below.  

 
Figure 5: Final kerf cut design for headband 
This design allowed for the wood to bend an adequate amount, and was also 

sturdy enough to not snap when fully bent. Aside from being functional, the design 
was also the best looking of all the kerf cuts, and was therefore the perfect choice for 
the headband as shown below in Figure 6. 
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Figure 6: Headband bent in the shape of a semi circle 
 

Connector 
The next step for designing the headphones was the connector to the ear covers. 

Gears, friction, and wing nuts were the ideas considered for the connector. A small 
test with Lego gears showed that the connector could be slide up and down with 
gears, but was too large to fit on the side of the ear cover. Using the friction between 
the headband and a rod is used in some commercial headphones, but the materials are 
usually plastic or metal, which do not expand and contract as much as wood. Wood 
unfortunately expands and contracts when exposed to different temperatures, so this 
idea was not used. Using a bolt and wing nut to connect the headband and ear covers 
turned out to be the best idea, for it is easy to adjust the height of the headphones, and 
still aesthetically pleasing. The end of the headband was slightly thinner, and slid into 
the connector piece. The bolt goes through the connector, the headband, and the ear 
cover, and the wing nut is hand tightened as shown below in Figures 7-9. 
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Figure 7: Connector piece with slot for headband, and holes for bolt with 

wing nut 

 
Figure 8: Connector piece with headband inserted into slot 
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Figure 9: Bolt through connector, headband, and ear cover with tightened wing 
nut 
 

Ear Covers 
With the design for the connector completed, the ear covers could be designed 

and built. The ear covers main purpose is to hold the speakers, so the ear covers needed 
to include enough space for the speakers. The speakers pulled from the JVC speakers 
were 4 inches in diameter, but the size of the ear cover needed to be 3.25 inches to fit 
with the ear padding. A dremel was used to shave off .5 inches off of both sides of the 
speaker in order to fit the ear cover. The speaker was then glued to two small sticks of 
wood, which slid into a slit in the ear covers. The ear covers were made of 6 layers of .25 
inch wood where each layer was .5 inches smaller in width and height. These pieces were 
glued together to create the full ear cover. The Adobe Illustrator drawings are shows 
below in Figure 10, and the final product of the ear covers is shown below in Figures 11-
12. 
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Figure 10: Adobe Illustrator drawing of laser cut ear cover pieces  

 
Figure 11: Back view of laser cut ear covers 
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Figure 12: Front view of ear covers with foam ear padding glued on 
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Breadboard Diagram 
 

 
Figure 13: Breadboard diagram with outside top row of pins as positive positive 

power, outside bottom row of pins as negative power, and both inside rows of pins as 
ground. 

 
Schematic Diagram 

 
Figure 14: Schematic diagram of circuit with microphone on the left, and 

headphones on the right. 
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Circuit Explanation 
The microphone takes in a maximum of 20kHz, but this microphone set up stage 

removes the higher frequencies and only allows 10kHz to be outputted. The first op amp 
is used to amplify the signal using a non-inverting amplifier set up. The goal of this stage 
is just to amplify the signal to a level where the signal can be processed. The second op 
amp is used to delay the signal using a delaying op amp circuit. This circuit has no Gain 
(R2/R1) because there is no amplification needed. The delay is a function of the distance 
between the microphone and the speaker. The output wave needs to wait for the incoming 
wave to travel that distance before going out the speaker at the same time. The third op 
amp is used to invert the signal and combine this with the music input using an inverting 
amplifier circuit. This stage matches the final amplitude with the incoming wave’s 
amplitude for the correct noise cancellation. (See the Theory section for a more in depth 
explanation of each op amp wiring). 

 
CAD

 
Figure 15: Isometric view of headphones 



Bhatia	 14	

 
Figure 16: Front view of headphones 

 
Figure 17: Top view of headphones 
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Figure 18: Side view of headphones 

 
III. Theory 
 
Active Noise Cancellation 

Active noise cancellation is built upon the basic physics idea of destructive 
interference. Although commonly drawn like a transverse wave for ease, sound waves are 
in fact compression waves as shown below in Figure 19. These waves are created by the 
compression and rarefactions of the fluid it travels through, commonly air.  

 
Figure 19: Sound waves depicted as transverse and compression waves [9] 
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Destructive interference occurs when two of the same waves, exactly 180° out of phase, 
or inverted over the x-axis collide. The peaks of one wave match with the troughs of the 
other and vice versa, and the result is complete cancellation as shown below in Figure 20. 

 
Figure 20: Destructive Interference [10] 
Active noise cancellation in headphones uses this idea by having a microphone on 

the outside of the headphone and receiving the incoming waves. Then it inverts the wave 
and sends it out the speaker into your ear. As the two waves are sent together, the 
destructive interference has caused there to be no sound, so you do not hear the incoming 
noise the microphone originally received. 

Active noise cancellation works best on low frequency noises around 1 kHz. As 
described above, Amar Bose invented noise cancelling headphones to cancel out the low 
droning frequency of a plane engine. The higher the frequency is, the more nodes the 
wave has and the harder it is to invert the wave and send it back into the ear, but for low 
frequencies the waves are easily inverted and amplified [11].  

There are three main portions to the active noise cancellation circuit. The first is 
the amplification of the incoming frequencies to where the human ear can detect it. The 
second is delaying the noise cancellation signal due to sound travelling slower than 
electric signals. The third is inverting the sound wave to creating destructive interference 
with the original sound wave. An operational amplifier (op amp) is used to do all three of 
these [12]. The pins of an op amp are shown below in Figure 21. 

 
Figure 21: Pins of op amp: 2 is inverting, 3 is non inverting, 4 is negative power, 

6 is output, and 7 is positive power [13] 
In an amplification op amp circuit, the inverting pin is connected to ground, while 

the non-inverting pin is connected to a resistor, which is connected to the input 
frequency. To control the amount of amplification, a resistor is connected from the non-
inverting pin to the output pin. The equation for the Gain or amplification in this op amp 
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circuit is (R2/R1). In this equation, R2 is the resistor between the output and the non 
inverting pin, while R1 is the resistor between the voltage in and the non inverting pin 
(Figure 22). 

 
Figure 22: Non Inverting Amplifier circuit [12] 
In a delaying op amp circuit, the non-inverting pin is connected to ground, and the 

inverting pin connected to a resistor, which is connected to the input frequency. The 
negative and positive power pins are connected to their respective power inputs. The last 
pin is the output frequency. In order to delay the wave, a resistor is connected from the 
inverting pin to the output pin. There is no amplification or inversion in this circuit to the 
Gain is (R2/R1) or 10kOhms/10kOhms. The delay depends on the distance the signal 
needs to travel from the microphone to the speaker, so the delay was calculated using 
t=d/r. The time delay is therefore (7.3 cm)/(341m/sec), which equals 214 microseconds. 
Below is a picture of the wave with the correct delay of 214 microseconds on an 
oscilloscope (Figure 23).  

Figure 23: 214 microsecond delay of output wave shown on oscilloscope  
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In an inverting op amp circuit, the set up is the same as the delaying op amp 
circuit, but there are no capacitors connected to ground. In order to invert the wave, a 
resistor is connected from the inverting pin to the output pin. The equation for the Gain or 
amplification is now (-R2/R1). The resistors used to test were both 10kOhm resistors, so 
the gain was -1, causing the wave to be inverted with no amplification [13] (Figure 244).  

 

 
Figure 24: Inverting Amplifier Circuit [12] 
Since the inverting portion of the most important part of the circuit, a proof of 

concept was done before moving on. A simple inverting op amp circuit was wired up as 
described above. A dual source power supply was connected to the negative and positive 
pins, and a frequency generator was connected to the input. This frequency generator was 
also connected to an oscilloscope so an image of the wave could be seen. The 
oscilloscope was also connected to the output of the op amp so the original and inverted 
waves could be compared. Without turning on the dual power supply the wave did not 
look much different, but when turned on, the wave was inverted perfectly (See Figures 27 
and 28 in Appendix A). 

To further prove this concept, instead of connecting the frequency generator and 
the output to an oscilloscope, two speakers were connected instead. The speakers both 
emitted a high-pitched whining noise, but in order to cancel each other out, they needed 
to be at an integer number of wavelengths apart. The wavelength was calculated using 
v=f*lambda, with v being 343 m/s and f being the frequency from the frequency 
generator (7,000 Hz). The wavelength was calculated to be around .05 m. With some trial 
and error for the placement of the speakers around the ears, spots of silence that were 
spaced apart could be heard, proving the op amp to be successful at cancelling out 
frequencies using the inverted wave. The same oscilloscope test was done for the 
amplifying op amp circuit, and a Gain of (R2/R1) or 22KOhm/1KOhm, but the speakers 
were not connected for the oscilloscope was enough proof of the amplification (See 
Figure 29 in Appendix A). 

 
Passive Noise Cancellation 

This topic was not explored as much thus far, but is a large part of the design process. 
For high frequency noises where there are sharp spikes of sound waves with many nodes, 
active noise cancellation cannot send a smooth wave to create destructive interference, 
but this is where passive noise cancellation excels. Examples of these high frequency 
noises are people talking and a television. The most effective headphones for noise 
cancellation are circumaurul or over ear headphones, which fully enclose the ear with 
padding. These are the most effective because sound travels through the air to reach the 
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headphones [15]. If the ear covers do not fully encapsulate the ears like on ear 
headphones, the sound can travel through the small gaps where there is air. Instead, in 
over ear headphones the sound waves must travel through the materials the headphones 
are made out of. Therefore the headphone material and the ear padding material are 
important in passive noise cancellation. Memory foam is the best for noise cancellation, 
for this high density foam allows for less vibration [16]. Sound travels by compressing 
the fluid it is in, and a solid is much harder to compress than a liquid or gas. Wood is not 
extremely dense, for most woods float in water, but it still does a good job of not 
allowing the sound to vibrate as much, thereby reducing these high frequency noises. 

 
IV. The Next Step 

 
The headphones are finished, and I completed everything planned for the noise 

cancelling headphones this semester. In the future, I will be using the headphones every 
day instead of my ear buds, and that seems to be a great measure of the success. That 
being said, after doing many user tests at the 2017 Maker Faire, there are a few 
improvements and next steps I would take. Although the headphones fit my head well, 
the largest complaint was that the headphones did not fit everyone. This was due to two 
major reasons: the headphone ear cover adjustments were not good enough, and the 
headband got stretched out after many uses. The next step would be to improve the way 
the headband is adjusted. The ear cover could have small triangular ridges instead of 
holes for the wing nut. These ridges would slide into the connector, which would also 
have indentations for the triangular ridges. This would allow for a finer adjustment to fit 
all head sizes. Furthermore the copper that kept the kerf cut headband in place would be 
replaced by a light but stronger metal like aluminum. These steps would allow the 
headphones to fit perfectly on any users head, and be a more marketable product instead 
of a product fitting one person. 
 

V. Results 
The final product can be found below in Appendix A Figure 30. The time delay was 

calculated to be 214 microseconds, and this delay was perfectly achieved on the 
oscilloscope as seen below in Figure 15.  
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Figure 25: Oscilloscope showing the output wave (yellow) delayed by slightly more than 
1 box (200 microseconds) from the input wave (green) 
 This was achieved by using a potentiometer to alter the resistor values in the 
second op amp circuit. The amplitude of the output wave was also perfectly matched on 
the oscilloscope by using a potentiometer as seen in Figure 26 

Figure 26: Oscilloscope picture of output wave (yellow) with the same amplitude as the 
input wave (green) 
 In theory this should have meant there would be perfect noise cancellation of the 
incoming waves and the project was complete. In reality sound electronics is not that 
simple. The resistor values that made the delay perfect and the amplitudes line up did not 
lead to perfect noise cancellation. When a speaker was connected to a frequency 
generator and a noise was played, there was only noise cancellation at some distances. At 
this point the oscilloscope could not help anymore, and trial and error would be the only 
way to achieve true noise cancellation. The potentiometers controlling amplitude and 
delay would need to be adjusted until the frequency would be muted. The original resistor 
values were a good guideline, but it took many days to finally hone in on noise 
cancellation with the potentiometers. This trial and error led to the end result of noise 
cancellation at frequencies up to 2kHz. This range of frequencies includes the human 
whistle and an airplane’s engine. These two sounds are noises a user would need to 
cancel out with noise cancelling headphones, so these results are exactly as hoped. 
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VI. Conclusion  
The goal to create an affordable pair of noise cancelling headphones was reached, and 

if an analog noise cancellation circuit was effective, a digital noise cancellation chip 
could make them phenomenal. A pair of rugged easily replicated laser cut headphones 
could fit right in to a construction site, a library, or a college student’s dorm. Noise 
cancelling headphone makers are currently only targeting the wealthy music listeners or 
people who fly on airplanes, but their product target range could be greatly expanded. 
Bose clearly benefits from selling fewer expensive noise cancelling headphones, but there 
would be major profits from starting a new chain of cheaper rugged headphones that 
targeted the average working class person. From an economic perspective, there is an 
extremely large untapped market. Every day more technological distractions are thrown 
in the consumers’ faces, and everyone needs to be able to block out the noise to focus. 
These headphones companies would be intelligent to invest in a product like this to take 
advantage of the billions of people who would use them. The only major improvement to 
these headphones would be the noise cancellation circuit. While this analog circuit was 
effective, the range of frequencies it could cancel was not very large relative to 
headphones on the market today. Some noise cancelling headphones on the market can 
cancel frequencies up to 10kHz or 20kHz, while this circuit only worked up to 2kHz. 
Alexander Katsis at a midway presentation and some people at the Maker Faire 
recommended using a digital chip for the noise cancellation. This is clearly the way to go, 
for the fine-tuning with the potentiometers on the analog circuit is not practical. Also, 
digital noise cancellation chips can handle a larger range of frequencies, so that would be 
the next area to explore. 
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VIII. Appendix A 
 
Parts List 

Part 
Description 

Purchase 
Location 

Quantity Price Use 

JVC 
Headphones 

Amazon.com 1 $39.99 Speakers 

Memory 
Foam Ear 
Covers 

Amazon.com  $12.99 Ear Covers 

Headband 
Padding 

Amazon.com 1 7.98 Headband 
padding 

Headphone 
magnets 

Amazon.com 1 2.99 Removable 
microphones 

Table 1: List of part descriptions, purchase location, quantity, price, and use 
 
Oscilloscope Images 

 
Figure 27: Oscilloscope reading of input wave (yellow) and output wave (green) before 
the inverting op amp circuit is turned on 



Bhatia	 23	

 
Figure 28: Oscilloscope reading of input and output waves after inverting op amp circuit 
is turned on 

 
Figure 29: Oscilloscope reading of input and output waves after amplifying op amp 
circuit is turned on (bottom left corner shows an amplification of 500 mV to 10V) 
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Figure 30: Final product of headphone project 
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