Save secret

Sample solutions

1a. Characteristic of the supersonic microphones  
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(Amplitude of input signal is 1 V, constant).   

	f, Hz
	U,V
	U/Umax

	38600
	155
	0.168

	39000
	245
	0.266

	39400
	470
	0.511

	39800
	830
	0.902

	39850
	865
	0.940

	39900
	895
	0.973

	40000
	915
	0.995

	40020
	910
	0.989

	40100
	885
	0.962

	40200
	820
	0.891

	40400
	660
	0.717

	40600
	470
	0.511

	40800
	300
	0.326

	41000
	205
	0.223

	41200
	144
	0.157

	41300
	125
	0.136

	41400
	110
	0.120
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Fig 2. Characteristic of super sonic microphone. Amplitude of input signal 1V.

The microphones system of source and detector’s is high sensitivity in the range frequency  [image: image3.png]Af =40 kHz £ 600 Hz



.  

Amplifier amplified signal in the range frequency 10 kHz- 200 kHz.   

1b. Dependence amplitude emitted signal of angle 

	angle, degree
	Amplitude of signal U, mV
	U/Umax
	angle, degree
	Amplitude of signal U, mV
	U/Umax

	0
	300
	1
	250
	30
	0.10

	10
	280
	0.93
	260
	33
	0.11

	20
	260
	0.87
	270
	32
	0.11

	30
	200
	0.67
	280
	52
	0.17

	40
	150
	0.50
	290
	65
	0.22

	50
	120
	0.40
	300
	100
	0.33

	60
	100
	0.33
	310
	120
	0.40

	70
	68
	0.23
	320
	150
	0.50

	80
	50
	0.17
	330
	200
	0.67

	90
	30
	0.10
	340
	260
	0.87

	100
	30
	0.10
	350
	280
	0.93

	110
	30
	0.10
	360
	300
	1.00
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	angle
	U, V
	U/Umax
	angle
	U, V
	U/Umax

	5
	0.68
	1
	180
	0.068
	0.100

	10
	0.66
	0.971
	210
	0.038
	0.056

	20
	0.62
	0.912
	240
	0.034
	0.050

	30
	0.55
	0.809
	250
	0.046
	0.068

	40
	0.45
	0.662
	270
	0.082
	0.121

	50
	0.365
	0.537
	300
	0.245
	0.360

	60
	0.26
	0.382
	330
	0.53
	0.779

	70
	0.18
	0.265
	335
	0.57
	0.838

	80
	0.105
	0.154
	340
	0.6
	0.882

	90
	0.072
	0.106
	345
	0.64
	0.941

	100
	0.08
	0.118
	350
	0.66
	0.971

	120
	0.095
	0.140
	355
	0.68
	1.000

	150
	0.014
	0.021
	360
	0.68
	1.000


Part 2. Interference of Wave.

2a. Observation the Interference of Ultra Sound Wave.

Fill the table ( Correct or Incorrect ).

	a
	b
	c
	d
	e
	f
	g

	(
	X
	X
	(
	X
	(
	(


a) and b) The resultant standing wave y equation will be the sum of y1 and y2:

[image: image5.png]Yy = Yy sin(kr —wt) + yp sin(kx + wt).




   Using a trigonometric identity to simplify, the standing wave is described by:

[image: image6.png]y = 21y cos(wt) sin(kr)





c) In the positions A we can observe standing wave, but in the positions B only detects reflected waves.
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f) and g)
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2b. Determination the Wavelength.
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	№
	[image: image11.png]


, mm
	[image: image12.png]



	n, number of antinodes in SM
	[image: image14.png]


 [image: image16.png]


, mm

	0
	29.5
	6.88
	7
	-0.53

	1
	34.5
	8.04
	8
	0.18

	2
	38.5
	8.97
	9
	-0.11

	3
	42.5
	9.91
	10
	-0.40

	4
	47.5
	11.07
	11
	0.31

	5
	51.5
	12.00
	12
	0.02

	6
	56
	13.05
	13
	0.23

	7
	60.5
	14.10
	14
	0.44

	8
	64.5
	15.03
	15
	0.15

	9
	69
	16.08
	16
	0.36

	10
	73
	17.02
	17
	0.07

	11
	77.6
	18.09
	18
	0.38

	12
	81.5
	19.00
	19
	-0.01

	13
	86
	20.05
	20
	0.20

	14
	90
	20.98
	21
	-0.09

	15
	94.5
	22.03
	22
	0.12

	16
	99.2
	23.12
	23
	0.53

	17
	103
	24.01
	24
	0.04

	18
	108
	25.17
	25
	0.75

	 
	 
	 
	average
	0.14

	 
	 
	 
	abs dev
	0.23


From graph,         [image: image18.png]2+«4318 mm
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Theoretically                                   
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2c. Observation the Standing Wave.

Fill the tables by marks ANT (antinode) or NODE (node) for the observed standing wave.

A) On the surface of the mirror

	Detection signal level
	On the surface of the mirror


	Expression

	Maximal


	Node
	Mirror is closed end

	Minimal


	Node
	Mirror is closed end


B) On the surface of the source

	Detection signal level
	On the surface of the source


	Expression

	Maximal


	Antinode
	See Figure D1

	Minimal


	Node
	See Figure D2


[image: image24.png]


Figure D1

[image: image25.png]


Figure D2

3. The Doppler effect

Make an adjustment of instrument for the measurement the Doppler effect from the side of disk, observe effect.  

[image: image26.png]



3a. Write formula

Mirror receding:  [image: image28.png]


;  [image: image30.png]


  

Mirror approaching:  [image: image32.png]


;  [image: image34.png]


  
Solution: In this situation there two Doppler shifts. In the first shift, the mirror is the receding “Receiver”. 

The frequency of sound reaching the mirror

[image: image35.png]



In the second shift, the mirror acts as a source of sound with frequency [image: image37.png]


, and the receiver is the Detector. 

The frequency of sound reaching the detector

[image: image38.png]



Then the frequency measured by the detector is 
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3b. Simple formula

[image: image41.png]y=(1+x)"~¥1+nx
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Oder solutions: 

	3a1. Angular incidence and angular detecting
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	Solution:
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	Simple formula
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	3a2. Normal incidence and normal detecting 

[image: image55.png]a=0% f=0°
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Mirror receding            [image: image65.png]f=fs

e




Mirror approaching   [image: image67.png](v=-v)
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	3a2. Normal incidence, angular detecting
[image: image70.png]
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	3a3. Angular incidence, same angular detecting
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	Solution:
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	3a4. Incidence and detecting to direction centre of the circle. 
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	Solution:

[image: image81.png]A'B' cAt + AB'
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[image: image84.png]AB" = v(x) = At




[image: image85.png]o _c—vlx)
2 c+v@





[image: image86.png]IAfl _ 2v(x)
i <
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3c. Experiment.  The Doppler effect.  

3c1.    Tabulete                          (Direction of rotation of the disk: decreasing frequency)

	№
	Voltage

U (V)
	Current

I (A)
	Output frequency f (Hz)
	Input frequency [image: image103.png]


 (Hz)
	[image: image105.png]


 (Hz)
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	[image: image107.png]F(U—Up




	Power P=I*U (W)
	Impedance Z=U/I (Ohm)

	1
	16
	1.23
	38705
	40000
	1295
	3.24E-02
	2.06E-03
	19.68
	13.01

	2
	15
	1.15
	38772
	40000
	1228
	3.07E-02
	2.08E-03
	17.25
	13.04

	3
	14
	1.08
	38853
	40000
	1147
	2.87E-02
	2.09E-03
	15.12
	12.96

	4
	13
	1
	38915
	40000
	1085
	2.71E-02
	2.13E-03
	13
	13.00

	5
	12
	0.9
	38997
	40000
	1003
	2.51E-02
	2.13E-03
	10.8
	13.33

	6
	11
	0.81
	39081
	40000
	919
	2.30E-02
	2.14E-03
	8.91
	13.58

	7
	10
	0.73
	39154
	40000
	846
	2.12E-02
	2.17E-03
	7.3
	13.70

	8
	9
	0.61
	39249
	40000
	751
	1.88E-02
	2.15E-03
	5.49
	14.75

	9
	8
	0.54
	39339
	40000
	661
	1.65E-02
	2.13E-03
	4.32
	14.81

	10
	7
	0.48
	39418
	40000
	582
	1.46E-02
	2.16E-03
	3.36
	14.58

	11
	6.5
	0.44
	39473
	40000
	527
	1.32E-02
	2.11E-03
	2.86
	14.77

	12
	6
	0.43
	39500
	40000
	500
	1.25E-02
	2.17E-03
	2.58
	13.95

	13
	5.5
	0.39
	39549
	40000
	451
	1.13E-02
	2.15E-03
	2.145
	14.10

	14
	5
	0.38
	39583
	40000
	417
	1.04E-02
	2.19E-03
	1.9
	13.16

	15
	4.5
	0.36
	39630
	40000
	370
	9.25E-03
	2.18E-03
	1.62
	12.50

	16
	4
	0.33
	39674
	40000
	326
	8.15E-03
	2.17E-03
	1.32
	12.12

	17
	3.5
	0.31
	39723
	40000
	277
	6.93E-03
	2.13E-03
	1.085
	11.29

	18
	3
	0.3
	39758
	40000
	242
	6.05E-03
	2.20E-03
	0.9
	10.00

	19
	2.5
	0.28
	39800
	40000
	200
	5.00E-03
	2.22E-03
	0.7
	8.93

	20
	2
	0.26
	39847
	40000
	153
	3.83E-03
	2.19E-03
	0.52
	7.69

	21
	1.5
	0.25
	39887
	40000
	113
	2.83E-03
	2.26E-03
	0.375
	6.00

	(-)
	1
	0.24
	39936
	40000
	64
	1.60E-03
	2.13E-03
	0.24
	4.17

	(-)
	0.5
	0.24
	39973
	40000
	27
	6.75E-04
	2.70E-03
	0.12
	2.08

	[image: image108.png]



	Threshold of motion
	Average (N1:N21)
	2.15E-03
	
	

	
	
	
	Abs error
	3.70E-05
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From graph,

[image: image110.png]~U-U,)
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(2)

[image: image113.png]slopel = (2.15 £0.037) » 1073V 1
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                           (Direction of rotation of the disk: decreasing frequency)
3c. Experiment.  The Doppler effect.  

  Tabulete                          (Direction of rotation of the disk: decreasing frequency)

	№
	Voltage

U (V)
	Current

I (A)
	Output frequency f (Hz)
	Input frequency [image: image117.png]fo



 (Hz)
	[image: image119.png]Af =fo—f



 (Hz)
	[image: image120.png]fo




	[image: image121.png]



	Power P=I*U (W)
	Impedance Z=U/I (Ohm)

	1
	16
	1.23
	38705
	40000
	1295
	3.24E-02
	2.06E-03
	19.68
	13.01

	2
	15
	1.15
	38772
	40000
	1228
	3.07E-02
	2.08E-03
	17.25
	13.04

	3
	14
	1.08
	38853
	40000
	1147
	2.87E-02
	2.09E-03
	15.12
	12.96

	4
	13
	1
	38915
	40000
	1085
	2.71E-02
	2.13E-03
	13
	13.00

	5
	12
	0.9
	38997
	40000
	1003
	2.51E-02
	2.13E-03
	10.8
	13.33

	6
	11
	0.81
	39081
	40000
	919
	2.30E-02
	2.14E-03
	8.91
	13.58

	7
	10
	0.73
	39154
	40000
	846
	2.12E-02
	2.17E-03
	7.3
	13.70

	8
	9
	0.61
	39249
	40000
	751
	1.88E-02
	2.15E-03
	5.49
	14.75

	9
	8
	0.54
	39339
	40000
	661
	1.65E-02
	2.13E-03
	4.32
	14.81

	10
	7
	0.48
	39418
	40000
	582
	1.46E-02
	2.16E-03
	3.36
	14.58

	11
	6.5
	0.44
	39473
	40000
	527
	1.32E-02
	2.11E-03
	2.86
	14.77

	12
	6
	0.43
	39500
	40000
	500
	1.25E-02
	2.17E-03
	2.58
	13.95

	13
	5.5
	0.39
	39549
	40000
	451
	1.13E-02
	2.15E-03
	2.145
	14.10

	14
	5
	0.38
	39583
	40000
	417
	1.04E-02
	2.19E-03
	1.9
	13.16

	15
	4.5
	0.36
	39630
	40000
	370
	9.25E-03
	2.18E-03
	1.62
	12.50

	16
	4
	0.33
	39674
	40000
	326
	8.15E-03
	2.17E-03
	1.32
	12.12

	17
	3.5
	0.31
	39723
	40000
	277
	6.93E-03
	2.13E-03
	1.085
	11.29

	18
	3
	0.3
	39758
	40000
	242
	6.05E-03
	2.20E-03
	0.9
	10.00

	19
	2.5
	0.28
	39800
	40000
	200
	5.00E-03
	2.22E-03
	0.7
	8.93

	20
	2
	0.26
	39847
	40000
	153
	3.83E-03
	2.19E-03
	0.52
	7.69

	21
	1.5
	0.25
	39887
	40000
	113
	2.83E-03
	2.26E-03
	0.375
	6.00

	(-)
	1
	0.24
	39936
	40000
	64
	1.60E-03
	2.13E-03
	0.24
	4.17

	(-)
	0.5
	0.24
	39973
	40000
	27
	6.75E-04
	2.70E-03
	0.12
	2.08

	[image: image122.png]U,=1(0.25 £0.05)V




	Threshold of motion
	Average (N1:N21)
	2.15E-03
	
	

	
	
	
	Abs error
	3.70E-05
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From graph,
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3d.  Dynamic of the motor
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3e. 
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3e2.

Given Data:

A). In direction frequency decreasing
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   (In direction frequency decreasing)
3f. Determine Sound velocity in air 

A) Direction of rotation of the disk: decreasing frequency)
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(3)

        
from (1)-(3) 
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3g. Calculate and Observe Double Doppler effect
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In direction frequency decreasing
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Measured Doppler effect
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4. threshold and resolving power of hearing
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17-50 Hz
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Resolving power 
	Frequency, [image: image213.png]



	Ялгаж байгаа давтамж [image: image215.png]Af,Hz
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	Speed of mirror for detected motion
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	230 -300
	0.6-0.7 m/s
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	140- 180
	1-1.2 m/s
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Calculation formule slope and error 
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To calculate the gradient, the following equation was used, where N is the number of data points:
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To calculate the standard deviation sY of the individual Y data values, the following equation was used:
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Hence the standard deviation in the slope can be calculated:
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