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Setup 1

Tachometer Hole disc Current source

Motor

Microphone

Air supply device

Presenter Notes
Presentation Notes
This slide shows the setup with which we conducted the experiment. The setup consists of:
•Tachometer (a device that measures the frequency of a disc)
•Disc with holes
•Microphone
•A constant voltage source
•Motor
•Air supply device
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Various disks & Air supply device

Air supply deviceVarious disks 
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Presenter Notes
Presentation Notes
In this slide we see discs with different kinds of shapes and sizes of holes.
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4A short explanation of the effect
The air flow and the hole coincide

𝜐⃗𝜐𝑝𝑝

𝑝𝑝 ≤ 𝑝𝑝𝑎𝑎

𝑝𝑝

Presenter Notes
Presentation Notes
As the disc rotates, the air stream will pass when the stream and hole are coincided and will be interrupted afterwards when the stream and hole are not coincided. Let’s consider the case where they coincide [kəʊɪnˈsaɪd]: as the velocity increases, the pressure in the air jet decreases and as a result becomes lower than the atmospheric pressure (according to Bernoulli's principle). For cases where airflow and hole do NOT coincide: pressure equalizes (or almost equalizes) to atmospheric pressure and increases (as there is no airflow).
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Air oscillations

Alternating compression and 
discharge of air

Emergence of sound

⟹
⟹

𝑝𝑝 ≤ 𝑝𝑝𝑎𝑎

𝑝𝑝 ≈ 𝑝𝑝𝑎𝑎

∆𝑝𝑝

⟹
⟹

⟹

Alternating compression 
and discharge of air
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6Passing time

𝛼𝛼
𝛽𝛽

𝛼𝛼
𝑅𝑅

1

2
3

4 5

𝑟𝑟

𝑙𝑙𝛼𝛼 = 𝑅𝑅𝛼𝛼

𝑙𝑙𝛽𝛽 = 𝑅𝑅𝛽𝛽

𝑙𝑙𝛾𝛾 = 2𝑅𝑅 � 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
𝑟𝑟
𝑅𝑅

𝑡𝑡 =
𝑙𝑙
𝜔𝜔𝜔𝜔2

3

𝑇𝑇 =
𝑙𝑙𝛼𝛼 + 𝑙𝑙𝛽𝛽 + 2𝑙𝑙𝛾𝛾

𝜔𝜔𝜔𝜔

r − nozzle radius

Presenter Notes
Presentation Notes
Let’s consider the geometric parameters of our disk, which rotates with angular velocity 𝜔. The radius of the disk is R. The angle 𝛼 will be called the hole angle. Let's call the angle 𝛽 the filling angle. Let's draw a trajectory along which the airflow passes. Next, let's show the position of the airflow under boundary conditions. Lets consider these positions by numbers from 1 to 5 and make up a system of equations. The length of the arc trajectory on which the hole falls is considered by  𝑙 𝛼 (𝑙 sub 𝛼) and can be found using the formula for the arc of a circle. The length of the arc along the trajectory on which the hole does NOT fall is denoted by  𝑙 𝛽  also can be found using the arc-of-circle formula. If we take a closer look at borderline position 2-3, the distance between the centers of the circles is 2𝑟, as they are touching. And the length of the arc trajectory connected these diameters will be found by this formula. The time it takes for the airflow to travel from position 1 to position 5 can be found using this formula, where 𝑙 is the length of the trajectory.
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7Driving force
� 0 = 𝑘𝑘𝜏𝜏1 + 𝑏𝑏
𝑓𝑓0 = 𝑘𝑘𝜏𝜏2 + 𝑏𝑏

𝑓𝑓 𝑡𝑡 = 𝑓𝑓0
𝑡𝑡 − 𝜏𝜏1
𝜏𝜏2 − 𝜏𝜏1

�𝑓𝑓0 = 𝑘𝑘𝜏𝜏3 + 𝑏𝑏
0 = 𝑘𝑘𝜏𝜏4 + 𝑏𝑏

𝑓𝑓 𝑡𝑡 = 𝑓𝑓0
𝑡𝑡 − 𝜏𝜏4
𝜏𝜏3 − 𝜏𝜏4

𝑓𝑓 𝑡𝑡 =

0, 0 ≤ 𝑡𝑡 < 𝜏𝜏1

𝑓𝑓0
𝑡𝑡 − 𝜏𝜏1
𝜏𝜏2 − 𝜏𝜏1

, 𝜏𝜏1 ≤ 𝑡𝑡 < 𝜏𝜏2

𝑓𝑓0, 𝜏𝜏2 ≤ 𝑡𝑡 < 𝜏𝜏3

𝑓𝑓0
𝑡𝑡 − 𝜏𝜏4
𝜏𝜏3 − 𝜏𝜏4

, 𝜏𝜏3 ≤ 𝑡𝑡 < 𝜏𝜏4

0, 𝜏𝜏4 ≤ 𝑡𝑡 < 𝜏𝜏5

⟹ ⟹
𝑓𝑓(𝑡𝑡)

𝑓𝑓0

(𝜏𝜏1, 0)

(𝜏𝜏2,𝑓𝑓0)

𝑡𝑡0 𝜏𝜏1 𝜏𝜏2 𝜏𝜏4𝜏𝜏3 𝜏𝜏5

(𝜏𝜏3,𝑓𝑓0)

(𝜏𝜏4,𝑓𝑓0)

Presenter Notes
Presentation Notes
Lets obtaining the final expression for f(t) on the interval from 0 to  𝜏 5 , which we express through the maximum value of the function  𝑓 0 (f zero/f sub zero). When the function increases, considering the coordinates of the first and last points we can write a system of two equations for the line and find f(t) on the interval from  𝜏 1  to  𝜏 2 . The same thing we are doing for function in the interval from  𝜏 3  to  𝜏 4 . And at the end we can write down the value of f(t) for all intervals. 
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8Final Expression

T

𝑙𝑙𝛽𝛽
2𝜔𝜔𝜔𝜔

𝑙𝑙𝛾𝛾
𝜔𝜔𝜔𝜔

𝑙𝑙𝛼𝛼
𝜔𝜔𝜔𝜔

𝑙𝑙𝛾𝛾
𝜔𝜔𝜔𝜔

𝑙𝑙𝛽𝛽
2𝜔𝜔𝜔𝜔

𝑡𝑡

𝑓𝑓(𝑡𝑡)

0 𝜏𝜏1 𝜏𝜏2 𝜏𝜏4𝜏𝜏3 𝜏𝜏5

𝑓𝑓0

𝜏𝜏1 =
𝑙𝑙𝛽𝛽
2𝜔𝜔𝜔𝜔

𝜏𝜏2 =
𝑙𝑙𝛽𝛽 + 2𝑙𝑙𝛾𝛾
2𝜔𝜔𝜔𝜔

𝜏𝜏3 =
𝑙𝑙𝛽𝛽 + 2𝑙𝑙𝛾𝛾 + 2𝑙𝑙𝛼𝛼

2𝜔𝜔𝜔𝜔

𝜏𝜏4 =
𝑙𝑙𝛽𝛽 + 4𝑙𝑙𝛾𝛾 + 2𝑙𝑙𝛼𝛼

2𝜔𝜔𝜔𝜔

𝜏𝜏5 =
𝑙𝑙𝛽𝛽 + 4𝑙𝑙𝛾𝛾 + 2𝑙𝑙𝛼𝛼

2𝜔𝜔𝜔𝜔
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9Fourier series expansion

T

𝑙𝑙𝛽𝛽
2𝜔𝜔𝜔𝜔

𝑙𝑙𝛾𝛾
𝜔𝜔𝜔𝜔

𝑙𝑙𝛼𝛼
𝜔𝜔𝜔𝜔

𝑙𝑙𝛾𝛾
𝜔𝜔𝜔𝜔

𝑙𝑙𝛽𝛽
2𝜔𝜔𝜔𝜔

𝑡𝑡

𝑓𝑓(𝑡𝑡)

0 𝜏𝜏1 𝜏𝜏2 𝜏𝜏4𝜏𝜏3 𝜏𝜏5

𝑓𝑓 𝑡𝑡 =
𝑎𝑎0
2

+ �
𝑛𝑛=1

∞

𝑎𝑎𝑛𝑛 cos
2𝜋𝜋𝜋𝜋
𝑇𝑇

𝑡𝑡
𝑎𝑎0 =

2
𝑇𝑇
�
0

𝑇𝑇
𝑓𝑓 𝑡𝑡 𝑑𝑑𝑑𝑑

𝑎𝑎𝑛𝑛 =
2
𝑇𝑇
�
0

𝑇𝑇
𝑓𝑓 𝑡𝑡 cos

2𝜋𝜋𝜋𝜋
𝑇𝑇

𝑡𝑡 𝑑𝑑𝑑𝑑 =

=
2
𝑇𝑇

�
𝜏𝜏1

𝜏𝜏2
𝑓𝑓 𝑡𝑡 cos

2𝜋𝜋𝜋𝜋
𝑇𝑇 𝑡𝑡 𝑑𝑑𝑑𝑑 + �

𝜏𝜏2

𝜏𝜏3
𝑓𝑓 𝑡𝑡 cos

2𝜋𝜋𝜋𝜋
𝑇𝑇 𝑡𝑡 𝑑𝑑𝑑𝑑 +

�
𝜏𝜏3

𝜏𝜏4
𝑓𝑓 𝑡𝑡 cos

2𝜋𝜋𝜋𝜋
𝑇𝑇 𝑡𝑡 𝑑𝑑𝑑𝑑

𝑓𝑓0

T − 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝑛𝑛 − ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛
𝑎𝑎𝑛𝑛 − 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡 𝑛𝑛𝑛𝑛𝑛 ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

𝑣𝑣𝑛𝑛 =
𝑛𝑛
𝑇𝑇

𝑣𝑣𝑛𝑛 − 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡 𝑛𝑛𝑛𝑛𝑛 ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

Presenter Notes
Presentation Notes
Because our function is periodic, it can be represented as a Fourier series. Where:
T−𝑝𝑒𝑟𝑖𝑜𝑑
𝑛−ℎ𝑎𝑟𝑚𝑜𝑛𝑖𝑐 𝑛𝑢𝑚𝑏𝑒𝑟
 𝑎 𝑛 −𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒  𝑛𝑡ℎ ℎ𝑎𝑟𝑚𝑜𝑛𝑖𝑐.
Considering the fact  𝑎 𝑛  -  the more general case of  𝑎 0 . A value of  𝑎 0  and  𝑎 𝑛  are found using this expression. Where an integral from 0 to 𝑇 can be represented as a sum of integrals from  𝜏 1  to  𝜏 2 , from  𝜏 2  to  𝜏 3  and from  𝜏 3  to  𝜏 4  and similarly for the integral calculating a0.

Frequency of the n-th harmonic is a multiple of the base harmonic frequency
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10Parameters

𝛼𝛼 𝛽𝛽

𝛽𝛽— filling angle

𝛼𝛼 —angle of hole

𝜔𝜔

𝜔𝜔 — angular speed of rotation

𝛽𝛽
𝛼𝛼

Presenter Notes
Presentation Notes
Lets consider the parameters in the problem we studied. These are the angle hole, the filling angle and the angular [ˈæŋgjʊlə] velocity of the disc.
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11Data receiving and processing

Amplitude-frequency responseSpectrogram

Presenter Notes
Presentation Notes
We recorded the sound with a microphone. Further, we processed the received recordings using special programs, and then got a spectrogram and an Amplitude-Frequency response.
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12Noise reduction

Presenter Notes
Presentation Notes
Now I'll tell you how we removed the noise on the audio. We took the audio, the spectrogram of which is shown on the slide. Highlighted the part of the audio where only noise is present. Next, using a special program, noise was removed from the all track. How it works in general: on a selected segment (in which only noise is present), we calculate the average volume for each frequency (on a given frequency range). Then we proceed to look at the whole audio, dividing it into many small segments. If the difference between the average volume and the volume for a given frequency in a given segment was small, then the volume was reduced in this segment of the spectrum, and thus most of the noise was removed.
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13Dependence 𝑣𝑣(𝜔𝜔)

Presenter Notes
Presentation Notes
In this graph we observe the dependence of the frequency of the fundamental harmonic on the angular velocity of the disc. As the angular velocity of the disk increases, it passes the holes more frequently, resulting in the airflow behind the disk changing more frequently, the period decreasing and the frequency increasing. Thus, we observe good agreement with theory.
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14Dependence 𝑣𝑣(𝛼𝛼)

Presenter Notes
Presentation Notes
In this graph we can observe the frequency dependence on the hole angle. In this experiment we used 3 different discs, changing the hole angle α, but not changing the fill angle β. As we can see, as the angle α increases, the frequency of the sound decreases. In this case, changing the angle α increases the period while the number of holes decreases. As the frequency is inversely proportional to the period, it falls as the angle α increases. This dependence has been received for several harmonics.
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15Dependence 𝑣𝑣(𝛽𝛽)

Presenter Notes
Presentation Notes
A similar experiment to the previous one was carried out with a change in angle β, with angle α unchanged. Similar to the previous case, as the filling angle increases, the period increases and the number of holes on the disc decreases, resulting in a lower sound frequency.
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