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Abstract:

There are four separate parts to this experiment.. In each of them, the response of RC filer networks to sinusoidal signal of various frequencies will be examined as well as the response of these networks to square pulses of various repetition rates.

Filters are circuits that allow certain signals to pass through the circuit, but prevent other types of signals from passing through the circuit. The frequencies that the circuit allows through is called the pass band. A high pass filter allows high frequency signals to pass through, but rejects or filters off lower frequency filters. A low pass filter does the opposite, allowing low frequency signals to pass through, but rejects high frequency signals. A band pass filter allows frequencies in a certain band to pass through, but rejects signals of a frequency above or below this band. A band reject filter allows frequencies above and below the band to pass through, but filters off any frequencies within the band. 

The cutoff frequency is the frequency at which the filter begins to operate. In other words, for a high pass filter, the frequency above which signals are passed is called the cutoff frequency. Anything below the cutoff frequency in this type of filter is rejected. Filters generally do not cutoff immediately at a frequency, but instead have a more gradual response. The cutoff frequency is usually defined as the -3 db point.

If a filter cuts off a signal very quickly past its cutoff frequency, it is said to have a fast rolloff. 

Intro:
Part 1: High Pass filter – frequency response

The aim of this experiment is to find how the input signal changes as the frequency of the input signal is changed and in particular to find the “half power point” and also the phase shift at this frequency.
Method:

Part 1: High Pass filter – frequency response

Set up apparatus as shown in diagram 1. Vin and Vout were simultaneously monitored with the two channels of the oscilloscope. The timebase on Vin was triggered. The earth on the oscilloscope and that on the oscillator were connected together. The amplitude of Vin was kept constant

 Results:
Part 1: High Pass filter – frequency response

	( – Hz
	( - Volts
	Vin – Volts
	Vout – Volts
	Time – s
	Vout / Vin
	Log10 (()

	10000 +/- 100
	0 +/- 0.4
	7 +/- 0.2
	7 +/- 0.2
	0.0001
	1
	4

	5000 +/- 100
	0 +/- 0.4
	7 +/- 0.2
	7 +/- 0.2
	0.0001
	1
	3.69897

	3000 +/- 100 
	0.5 +/- 0.4
	7 +/- 0.2
	6.5 +/- 0.2
	0.0001
	0.928571
	3.477121

	2000 +/- 100
	1 +/- 0.4
	7 +/- 0.2
	6 +/- 0.2
	0.0001
	0.857143
	3.30103

	1500 +/-100
	1.5 +/- 0.4
	7 +/- 0.2
	5.5 +/- 0.2
	0.0001
	0.785714
	3.176091

	1000 +/-100
	2.5 +/- 0.4
	7 +/- 0.2
	4.5 +/- 0.2
	0.0002
	0.642857
	3

	900 +/-100
	2.5 +/- 0.4
	7 +/- 0.2
	4.5 +/- 0.2
	0.0005
	0.642857
	2.954243

	800 +/-100
	3 +/- 0.4
	7 +/- 0.2
	4 +/- 0.2
	0.0005
	0.571429
	2.90309

	700 +/-100
	3 +/- 0.4
	7 +/- 0.2
	4 +/- 0.2
	0.0005
	0.571429
	2.845098

	600 +/-100
	3.5 +/- 0.4
	7 +/- 0.2
	3.5 +/- 0.2
	0.0005
	0.5
	2.778151

	500 +/-100
	4 +/- 0.4
	7 +/- 0.2
	3 +/- 0.2
	0.0005
	0.428571
	2.69897

	400 +/- 100
	4.4 +/- 0.4
	7 +/- 0.2
	2.6 +/- 0.2
	0.00001
	0.371429
	2.602059

	300 +/- 100
	4.9 +/- 0.4
	7 +/- 0.2 
	2.1 +/- 0.2
	0.00001
	0.3
	2.477121
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From the former graph we had to determine the “half power point” of the filter, the frequency where Vout = 1/(2 Vin.

To find the frequency, we have to find the x-value of our graph that matches the y-value of 1/(2.

Why is the “half power point” also called the 3db point?
The cutoff frequency is the frequency at which the filter begins to operate. In other words, for a high pass filter, the frequency above which signals are passed is called the cutoff frequency. Anything below the cutoff frequency in this type of filter is rejected. Filters generally do not cutoff immediately at a frequency, but instead have a more gradual response. The cutoff frequency is usually defined as the -3 db point. If a signal is cut by 3 db, its strength is cut in half. If the signal is cut by an additional 3 db (or 6 db total), then it is cut in half again, or is now one fourth of its original value.

The “half-power point” frequency for these types of filters is given by the following formula 

( = 1/(RC)

               (where ( = 2 ( f, and f is the frequency)

If you want to rearrange that for the frequency, f=1/(2(pi)RC). The RC term is often called the time constant, and is sometimes abbreviated with (.

“half-power point” in Hz 



= 1 / ( 2 ( R C )

“half-power point” in Hz



= 1064 Hz

To find the “half power point” from our graph we have to solve the following equation using the quadratic formula.

1/(2 = -0.2807 x2 + 2.3205 x – 3.7658

0 = -0.2807 x2 + 2.3205 x – 3.0587

Solving for x.

,                                                    x = 3.0609 or 5.2059

Taking x = 3.0609 as the log of the frequency of the “half power point” we simply have to raise it to the power of 10 to find the actual frequency.

103.0609 = “half power point” frequency

1151 Hz = “half power point” frequency

This is 87 Hz away from the actual answer. The lack of accuracy is due to the lack of accuracy in our results at high frequencies. We did not take enough results either at the lower frequencies ( freq << 1kHz ) which would have improved our answer.

From the latter graph, the value of ( was determined as follows.

The “half point power” frequency was 
1151 Hz.

The log10 of this value is


3.0609

Using the eqn for the slope of the graph, 
y = 1.9647 x2 – 16.244 x + 33.361                           With x = 3.0609

A value for y is obtained =


2.0 Volts.

The phase difference, (  =


2.0 Volts

The Vin signal leads.

Using the 3db frequency of 1064 Hz, 

The “half point power” frequency was 
1064 Hz.

The log10 of this value is


3.0269

Using the eqn for the slope of the graph, 
y = 1.9647 x2 - 16.244 x + 33.361                           With x = 3.0269

A value for y is obtained =


2.2 Volts.

The phase difference,   =


2.2 Volts

Intro:
Part 2: Low Pass filter – frequency response

A low-pass filter passed low frequency signals, and rejects signals at frequencies about the filter’s cutoff frequency.

Method:
Part 2: Low Pass filter – frequency response 

Set up apparatus as shown in diagram 2.

[image: image3.png]



Idealized switched resistor low-pass filter

Low pass filters are used whenever high frequency components must be removed from a signal. An example might be in a light-sensing instrument using a photodiode. If light levels are low, the output of the photodiode could be very small, allowing it to be partially obscured by the noise by the noise of the sensor and its amplifier, whose spectrum can extend to very high frequencies.

Method:
Part 2: Low Pass filter – frequency response 

Time was again taken to ensure that the earths on the oscilloscope and the oscillator were connected.

Vout has more gain at low frequencies that at high frequencies. As ( = 1 / (RC) approaches zero, Vout/Vin approaches 1; as ( = 1 /  (RC ) approaches infinity, Vout / Vin approaches zero. 

Intro:
Part 3: Square-wave response

Method:
Part 3: Square-wave response 

Apply a square wave from the oscillator to the circuits in diagram 1 & 2. Use 3 frequency values in each case such that you have respectively T<<RC,  T ( 2 R C and T >> RC, where T is the period of the square wave. 

Results:
Part 3: High Pass filter – frequency response


[image: image4.wmf] 


Vout will be determined by the integral of the current (Ic) through C.

Conclusion:
Filters have many, many uses. If your stereo has a bass, midrange, and treble control, the bass is a low pass filter, the midrange is a bandpass filter, and the treble is a high pass filter. The radio receiver uses a bandpass filter as part of its receiving circuit, so that it only receives the station you want to listen to, and rejects all other stations. Your television uses a bandpass filter to select the channel, and to seperate audio and video tracks from the signal. Power supplies use low pass filters with a very low cutoff frequency to pass DC (a frequency of zero) and reject any other noise that might be present. Your infrared remote control for your TV or stereo uses a coded or modulated signal. The receiver uses a filter so that it is very sensitive to this frequency, but rejects other frequencies. This helps to cut out interference from lights in the room and sunlight, allowing your remote control to function with a longer range and better efficiency.

As filters are relied on heavily, it’s essential to be understand the physics of how they work and why.

>>>Experiment never completed<<<

>>>Experiment never completed<<<

>>>Experiment never completed<<<

>>>Experiment never completed<<<
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