Abstract:
The aim of the experiment: is to find the value of (ω-3dB ) in cases, low-pass and high-pass and compare it with the expected ones. Also to prove that the wave functions obtained for Vout when we use any signal wave for Vin with frequency in the high attenuation region are the derivatives (that’s in the case of the high-pass filters) and to prove that the wave functions obtained for Vout when we use any signal wave for Vin with frequency in the high attenuation region are the integrals (for the low pass-filters).

The method used: is by connecting the circuits as shown:

and measuring the amplitude of the output voltage as a function of frequency for both cases. Also to scan a wide range of frequency in the high attenuation region in high-pass case, and in the region of no attenuation to find the relation between Vin and Vout (derivative or integral). 

The main results: 

Theory:

A filter is an electrical circuit that allows signals with a defined frequency range to pass while blocking others with different frequency range.

There are three types of filters, the low-pass filter, the high-pass filter, and the band-pass filters; in this experiment we'll introduce the first two types. See fig.1.
 First: The low-pass RC filters.

When we use the generalized Ohm's law we find the circuit equivalent impedance:

Zeq=R-(j/ωC)

The current T(t)=Vin(t)/Zeq
And the output voltage then becomes:

Vout(t)=Vc(t)= 

The attenuation factor A is defined as follows:
A=Vc0 /Vin0 =1/(1+C2ω2R2)1/2
Since ω-3dB=

When ω >> ω-3dB ,A is extremely small.

When ω<< ω-3dB ,A ≈1.

When ω= ω-3dB ,A=        .
If an RC low-pass filter is functioning in the attenuated region 
(ω>>ω-3dB ) ,then Vout(t) is extremely small and

VR(t) =Vin(t)-Vout(t) ≈Vin(t)
And I(t)=

So Vin(t)≈
Or equivalently:

Vout(t)=
All the before means that the out put voltage is just the integral of the input voltage. Under these conditions this circuit acts as an integrator.

Second: the high-pass RC filters.

Vout=VR=I(t) R=

Vout=                               ,and A=

When ω >> ω-3dB ,A ≈1.

When ω<< ω-3dB ,A is extremely small. 

When ω= ω-3dB ,A=        .
 If an RC high-pass filter is functioning in the attenuated region (ω<< ω-3dB ) ,then Vout(t) is extremely small and

Vc(t) =Vin(t)-Vout(t) ≈Vin(t)
And I(t)=
Vout(t)=

All the before means that the out put voltage is just the derivative of the input voltage. Under these conditions this circuit acts as a differentiator.

Apparatus:

1kჲ resistor, 0.022           capacitor, a circuit board, a signal generator, and a CRO.

Procedure:

1- Connect the circuit of the figure below:

2- Measure the amplitude of the input 

and don't change it .

3- Measure different values of the 

output for values of frequency.

4-plott a graph of A vs.ω (note:  A=Vc0 /Vin0).
5-Use a sinusoidal, a square, and a triangular signal with frequency in the high attenuation region.

6- Connect the other circuit

and repeat part 1 through 5.

Data:

low-pass filter:-

	F(Hz)
	Vp-p(volt)
	Vout(volt)
	A
	ω (rad/s)

	300
	20
	10
	1
	1884

	500
	19
	9.5
	0.95
	3140

	700
	18
	9
	0.9
	4396

	1000
	16.5
	8.25
	0.825
	6280

	3000
	8.6
	4.3
	0.43
	18840

	5000
	5.6
	2.8
	0.28
	31400

	7000
	4.2
	2.1
	0.21
	43960

	10000
	2.9
	1.45
	0.145
	62800

	20000
	1
	0.5
	0.05
	125600

	50000
	0.62
	0.31
	0.031
	314000

	70000
	0.42
	0.21
	0.021
	439600

	100000
	0.285
	0.1425
	0.01425
	628000


High-pass filter:
	F(Hz)
	F(Hz)
	Vout(volt)
	A
	ω (rad/s)

	300
	4.8
	2.4
	0.246154
	1884

	500
	6
	3
	0.307692
	3140

	700
	8.2
	4.1
	0.420513
	4396

	1000
	11
	5.5
	0.564103
	6280

	3000
	17.5
	8.75
	0.897436
	18840

	5000
	18.5
	9.25
	0.948718
	31400

	7000
	18.85
	9.425
	0.966667
	43960

	10000
	19
	9.5
	0.974359
	62800

	20000
	19
	9.5
	0.974359
	125600

	50000
	19
	9.5
	0.974359
	314000

	70000
	19
	9.5
	0.974359
	439600

	100000
	19
	9.5
	0.974359
	628000
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