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I. Abstract:
·   This experiment aims to identify the angular frequency (ω-3dB), which acts as the border between high and low attenuation for filters, by plotting a graph of A vs. ω as obtained from a low pass and a high pass filter, and finding ω that corresponds to A=0.707.This experiment also aims to analyze how low pass filters can act as integrators and high pass filters as differentiators by comparing signals before and after they are processed by the filter (these signals are ones that lie in the highly attenuated region for the respective type of filter). The main results we obtained are:
· ω-3dB(th): 
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· ω-3dB(exp) from low pass filter: =1.01*10^4  rads/sec
· ω-3dB(exp) from high pass filter: =1.03*10^4  rads/sec
II. Theory:

Filters, in electronic circuits, are units used to allow only certain frequencies to pass through while others are blocked .The blocking occurs by means of reducing the amplitude of unwanted frequencies, which is known as attenuation, the attenuation factor (A) of a filter at a certain frequency is given by: 
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The two main types of filters are low pass and high pass filters. A low pass filter is shown in Fig. 1, in this type of filter low frequencies pass with virtually no attenuation (A≈1) while high frequencies experience high attenuation (A≈0). Quite the opposite occurs in a high pass filter as the one shown in Fig. 2, high frequencies pass with virtually no attenuation (A≈1) while low frequencies experience high attenuation (A≈0). 

At the border between high and low attenuation for either type filter is an angular frequency known as ω-3dB , practically, this angular frequency occurs when the amplitude of the output signal is 0.707 of the input amplitude, which means that  
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In the highly attenuated region of a low pass filter: 
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So: 
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This means that the filter is acting as an integrator for ω>>ω-3dB. Similarly, in the highly attenuated area of a high pass filter: 
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So: 
[image: image9.wmf];

)

(

)

(

dt

t

dV

C

t

I

in

=

 
[image: image10.wmf]dt

t

dV

RC

t

RI

t

V

in

out

)

(

)

(

)

(

=

=

 This means that the filter is acting as a differentiator for ω<<ω-3dB.
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III. Procedure:
a. We connected a low pass filter as shown in Fig 1. And we connected it to a signal generator. Then we connected the X-input of the CRO to the generator and the Y-input to the Capacitor 
b. We measured the input voltage using the CRO, then, we found the output voltages that correspond to each of the 12 frequencies ranging from (0.2 – 50 KHz), this enabled us to calculate the attenuation factor in order to plot a graph of A vs. ω 
c. Next we set the signal generator to give a large frequency and we observed how the low pass filter operated as an integrator at this frequency.
d. We then exchanged the places of C and R to get a high pass filter, while keeping the CRO connected in the same manner.
e. We measured the input voltage using the CRO, then, we found the output voltages that correspond to each of the 12 frequencies ranging from (0.2 – 50 KHz), this enabled us to calculate the attenuation factor in order to plot a graph of A vs. ω for the high pass filter.
f. Finally, we set the signal generator to give a very small frequency and we observed how the high pass filter operated as a differentiator at this frequency.
IV. Data:
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	0.2
	1.257
	20.00
	1.000
	2.25
	0.113

	0.4
	2.513
	19.50
	0.975
	4.50
	0.225

	0.6
	3.770
	19.00
	0.950
	6.50
	0.325

	0.8
	5.027
	18.50
	0.925
	8.40
	0.420

	1
	6.283
	17.50
	0.875
	10.20
	0.510

	2
	12.566
	13.00
	0.650
	15.00
	0.750

	3
	18.850
	10.00
	0.500
	17.50
	0.875

	4
	25.133
	8.00
	0.400
	18.00
	0.900

	6
	37.699
	5.60
	0.280
	18.50
	0.925

	8
	50.265
	4.20
	0.210
	19.00
	0.950

	10
	62.832
	3.30
	0.165
	19.50
	0.975

	20
	125.664
	2.70
	0.135
	19.50
	0.975

	30
	188.496
	1.20
	0.060
	20.00
	1.000

	60
	376.991
	0.58
	0.029
	20.00
	1.000

	80
	502.655
	0.43
	0.022
	20.00
	1.000

	100
	628.319
	0.34
	0.017
	20.00
	1.000
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· Calculations:

· ω-3dB Theoretically: ω-3dB 
[image: image20.wmf].
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· ω-3dB from the graph of A vs. ω for the low pass filter = ω which corresponds to (A=0.707) ≈ 10.1*10^3  rads/sec.

·  ω-3dB from the graph of A vs. ω for the high pass filter = ω which corresponds to (A=0.707) ≈ 10.3*10^3  rads/sec
V. Analysis:
By analyzing the graphs, data and the numerical results we can see that:
I. The result obtained for ω-3dB by direct calculation closely matched that obtained from the graphs of A vs. ω for the low and high pass filters. 
II. The attenuation factor for the low pass filter at ω >> ω-3dB is very small which means that the amplitude of signals with high frequencies is greatly reduced. On the other hand, the attenuation factor at ω<<ω-3dB is close to one, this means that signals with high frequencies experience almost no reduction in their amplitudes.
III. The attenuation factor for the high pass filter at ω << ω-3dB is very small which means that the amplitude of signals with high frequencies is greatly reduced. On the other hand, the attenuation factor at ω>>ω-3dB is close to one, this means that signals with high frequencies experience almost no reduction in their amplitudes. 
IV. From the graphs of A vs. ω for both low and high pass filters: the drastic change in the behavior of the filter occurs when ω = ω-3dB.
V. When the low pass filter was operated at a high frequency (≈50 KHz), it functioned as an integrator: 

When a sinusoidal was supplied to the low pass filter, it experienced a phase shift of 
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rads., this means that it turned from a sine function to a cosine function or vice versa. When the input was a saw tooth wave (which represents a polynomial of first degree), the output that came from the filter had the shape of a second degree polynomial. Finally, when the input was a square wave (which represents a line with the equation
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 is a constant), the output took the form of a first degree polynomial.

Please note that: 
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VI. When the high pass filter was operated at a low frequency (≈0.2 KHz), it functioned as a differentiator: 

When a sinusoidal was supplied to the low pass filter, it experienced a phase shift of 
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rads., this means that it turned from a sine function to a cosine function or vice versa. When the input was a saw tooth wave, the output that came from the filter had the shape of horizontal line with the equation 
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. Finally, when the input was a square wave the output took the form of a horizontal line with the equation  
[image: image32.wmf]0

=

Y

.

Please note that:
[image: image33.wmf]x

dx

x

d

cos

)

(sin

=

; 
[image: image34.wmf]a

dx

ax

d

=

)

(

 where
[image: image35.wmf]a

is a constant, 
[image: image36.wmf]0

¹

a

; 
[image: image37.wmf]0

)

(

=

dx

b

d

where
[image: image38.wmf]b

is a constant.
VI. Conclusion:
· ω-3dB(th): 
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· ω-3dB(exp) from low pass filter:= 1.01*10^4  rads/sec
· ω-3dB(exp) from high pass filter:= 1.03*10^4  rads/sec 
  We can conclude that a major shift in the attenuation of a filter occurs at ω-3dB. We can also conclude that a low pass filter functions as an integrator in its highly attenuated region (ω >> ω-3dB), and the high pass filter acts as a differentiator in its highly attenuated region (ω << ω-3dB).

The graphs we obtained for A vs. ω, especially for the low pass filter, seem to deviate somewhat from the shape we expected which means that our data was a little flawed. This seems to have had a substantial effect on the accuracy of our experimentally-found results; the effect can be easily seen by comparing the experimental and theoretical results obtained for ω-3dB.

It was very interesting to see how the filters acted as differentiators or integrators!! I noticed that the more you change the frequency to get to lie further in the highly attenuated region the better one could see the effect of filters acting as integrators or differentiators.
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 A vs. ω for High Pass Filter
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