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Abstract:
The aim of the experiment: - is to check the output voltage of low-pass and high-pass filters to find -3dB, and also to know how to use the low-pass filter as a differentiator and the high-pass filter as an integrator.
Method used: - is by constructing an RC circuit and measure the output voltage for different frequencies.
The main result: The theoretical value of -3dB is 10 kHz and the experimental value of -3dB is 10.05 kHz. The graphs that we obtained from the oscilloscope are in results and conclusion's part.

Theory:

Low Pass Filters

It can be proved easily that for the circuit in figure 1:
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Vout(t) = Vin(t) / (1 + jRC) 

After some treating it becomes
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The attenuation factor A, is defined as
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Let -3dB = 1 / RC. Then the definition of A becomes
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We can note the following cases:

	
	A
	Vout

	>> -3dB
	small
	highly attenuated

	<< -3dB
	( 1
	( Vin

	= -3dB
	= 0.707
	= 0.707 Vin


And so the circuit in figure 1 is called low-pass filter.
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High Pass Filters

For circuit in figure 2: 
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We can note the following cases:

	
	A
	Vout

	<< -3dB
	small
	highly attenuated

	>> -3dB
	( 1
	( Vin

	= -3dB
	= 0.707
	= 0.707 Vin


It is the reason why this circuit is called the high-pass filter.

Integrators

For low pass filters in the high frequencies region:

VR(t) = Vin(t) – Vout(t) ( Vin(t)

since I(t) = dQ(t) / dt = C dVC(t) / dt = C dVout / dt

Vin(t) ( VR(t) = RI(t) = RC dVout(t) / dt

or 
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In other words the output voltage is just the integral of the input voltage.

Differentiators

For high pass filters in the low region

VR(t) = Vin(t) – Vout(t) ( Vin(t)

since I(t) = dQ(t) / dt = C dVC(t) / dt = C dVin / dt

Vout(t) ( VR(t) = RI(t) = RC dVin(t) / dt

or 
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In other words, the output voltage is the derivative of the input voltage.
Apparatus:  1kΩ resistor, 0.1 μF capacitor, a signal generator, oscilloscope, circuit board.

Procedure: 

1- We connect the circuit in figure 1.

2- We measure the amplitude of the output voltage for a range of frequencies.

3- We use a square, sinusoidal and a triangular signal with a high frequency to check if the circuit works as an integrator.

4- We repeat the steps 1-3 with the circuit in figure 2, considering using a low frequency in step 3 to check if the circuit works as a differentiator.
Data: 
After performing the experiment the following data were obtained:
	F(KHz)
	low pass
	high pass

	
	Vout(V)
	A
	Vout(V)
	A

	0.1
	5
	1
	0.32
	0.064

	0.3
	5
	1
	1
	0.2

	0.6
	4.7
	0.94
	1.8
	0.36

	0.9
	4.3
	0.86
	2.4
	0.48

	1.2
	4
	0.8
	3
	0.6

	1.6
	3.5
	0.7
	3.5
	0.7

	3
	2.4
	0.48
	4.2
	0.84

	7
	1.2
	0.24
	4.6
	0.92

	20
	0.5
	0.1
	4.7
	0.94

	35
	0.23
	0.046
	4.8
	0.96

	50
	0.16
	0.032
	4.8
	0.96


Calculations: - 
From figure 3

-3dB = 2f-3dB = 2(3.14)(1.6) = 10.05 kHz

Theoritical
-3dB = 1 / RC = 1 / ((1000)(0.1(10-6)) = 10 kHz

Results & Conclusion: -

	
	Theoretical
	Experimental

	-3dB
	10 kHz
	10.05 kHz


The following table shows the input wave and the output wave obtained in a low-pass filter when a high frequency was used, it is clear that the second column shows the integral of the first column.

	
	

	
	

	
	


The following table shows the input wave and the output wave obtained in a high-pass filter when a low frequency was used, it is clear that the second column shows the differential of the first column.
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