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[bookmark: _Toc132035715]Abstract
This experiment consisted of building and analysing two Passive Resistor-Capacitor (RC) Filter Networks. One for a high pass filter, where the capacitor is positioned before the resistor in the RC network, and the other being a low pass filter, where the capacitor is placed after the resistor in the RC network. A voltage of 5V was passed through the RC networks at varying frequencies - ranging from 100Hz to 300kHz – and the input and output voltages were measured. Using the voltages measured, the attenuation was then calculated, and all results were displayed in graph form; consisting of the attenuation against the frequency; the voltage out (Vout) against the frequency; and the -3dB cut-off frequencies – where frequency sharply drops – as in a low pass filter RC network – or begins to level out – as in a high pass filter RC network.
The results measured were accurate enough to produce graphs consistent with the calculated graphs but both of the measured graphs needed more data points. The graphs needed interpolation to ‘smooth out’ the lines and even after interpolation, still have an anomalous “bulge” particularly noticeable in the high pass filter. If this experiment were to be repeated, far more data points would be taken to improve the accuracy of the graph, showing no anomalous results.

[bookmark: _Toc132035716]Introduction
Resistor-Capacitor (RC) networks are circuits composed of passives components, such as resistors and capacitors, driven by a voltage source. (BYJU's, n.d.) The most simple example of an RC network is a first order circuit consisting of one resistor and one capacitor, which was used in this experiment. RC networks are most often used as filters, with high pass and low pass filters being the most common. A high pass filter will attenuate frequency components below its cut-off frequency – thus passing through high frequency signals - whilst low pass filters, contrastingly, attenuate components above its cut-off frequency – thus passing through lower, and some higher, frequency signals. 
A perfect high pass filter would only allow signals above its cut-off frequency to pass, while eliminating all signals below it. In reality this does not happen as the source voltage and current are not constant, even minute fluctuations impact the signal received. High pass filters are most often used in audio power amplifiers and for audio crossover, as well as in image processing to perform enhancements or modifications using designs done in either the spatial or the frequency domain. (Mather, 2004) In this experiment there will be a source voltage of 5V passing through a 15nF capacitor. The frequency will vary from 100Hz to 300kHz, with measurements being taken at 100Hz, 150Hz, 200Hz, 250Hz, 300Hz, 350Hz, 400Hz, 450Hz, 500Hz, 1kHz, 10kHz, 50kHz, 100kHz, 150kHz, and 300kHz.
If an ideal low pass filter were to exist, it eliminates signals above the cut-off frequency entirely, whilst passing signals below the cut-off frequency perfectly. Though, in reality, various trade-offs – such as fluctuations in current and voltage – are made to gain optimum performance for the given application. (Karki, 2000) They are commonly used in audio and optic anti-aliasing filters as well as in digital filters for smoothing data sets. In this experiment there will be a source voltage of 5V passing through a 10kΩ resistor, then through a 560µF capacitor. The frequency will be varied from 100Hz to 300kHz, with measurements being taken at 100Hz, 1kHz, 10kHz, 20kHz, 30kHz, 40kHz, 50kHz, 100kHz, 150kHz, 200kHz, 250kHz, and 300kHz.
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Figure 1 Low Pass and High Pass filter circuit diagrams
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High Pass Filter circuit arrangement on 
a 
breadboard
)

[image: ]

 (
Figure 
3
 
High Pass Filter circuit arrangement on breadboard
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Waveform Generator used in experiment
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Low Pass Filter circuit arrangement
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Figure 
4
 Low Pass Filter circuit 
arrangement
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Oscilloscope
 used in experiment
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Description automatically generated]Figure 1, on page 5, is the circuit diagram for the low pass and high pass filter circuits that must be built and analysed in this report. The source voltage (5V) and resistance (10kΩ) are consistent across both experiments, whilst the capacitors are different; the low pass filter circuit has a 560µF capacitor, and the high pass filter uses a 15nF capacitor.
Figures 2 and 3 show the arrangement of the high pass filter circuit set up on a breadboard. This circuit arrangement has a very high capacitor reactance at very low frequencies so the capacitor acts akin to an open circuit, blocking any input signals before the cut-off frequency point (-3dB) is reached. (Electronics Tutorials, 2015).
Figures 4 and 5 show the low pass filter circuit arrangement. In this circuit the reactance of the capacitor is inversely proportional to the frequency, with the resistor remaining constant as the frequency varies. The capacitive reactance (Xc) will be very large compared to the resistive value of the resistor at low frequencies. (Electronics Tutorials, 2015).
Figures 6 and 7 show the waveform generator and the oscilloscope used to conduct this experiment. As mentioned in the introduction, previous, a 5V source voltage was used and varied the frequency from 100Hz to 300kHz, using the waveform generator and then the readings were taken from the oscilloscope, and recorded on an excel spreadsheet to plot the graphs used in the next section of this report; 4. Results.
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Figure 
9
 
Logarithmic Graph showing the calculated and measured 
Voltage Out 
over Frequency for the High Pass Filter (see Appendix for individual graphs)
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Figure 
8
 
Logarithmic Graph showing the calculated and measured Attenuation over Frequency for the High Pass Filter (see Appendix for individual graphs)
)
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Figure 
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Logarithmic Graph showing the
 cut-off (zoomed in)
 calculated 
Voltage Out
 over Frequency for the High Pass Filter (see Appendix for individual graphs)
) (
Figure 
11
 
Logarithmic Graph showing the calculated and measured Attenuation over Frequency for the 
Low
 Pass Filter (see Appendix for individual graphs)
)
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Figure 13 
Logarithmic Graph showing the cut-off (zoomed in) calculated Voltage Out over Frequency for the 
Low
 Pass Filter (see Appendix for individual graphs)
) (
Figure 12
 Logarithmic Graph showing the calculated and measured 
Voltage Out
 over Frequency for the 
Low
 Pass Filter (see Appendix for individual graphs)
)
Figure 8 shows the measured and calculated Attenuation (dB) against the Frequency (Hz) for the high pass filter RC network. The graphs will not appear identical because the voltage supplied is not constant, as it is in calculations. For example, a 5V output from the waveform generator will not be exactly 5V at all times, the output will vary around the 5V mark. This applies to figures 9 and 10 also, as well as applying to the low pass RC network graphs (figures 11, 12, and 13).

[bookmark: _Toc132035719]Discussion
The results from the High Pass filter RC Network shows that the attenuation increases exponentially as the frequency increases. Starting at around -25db, the attenuation rapidly increases until it reaches it’s -3dB cut-off frequency, at ~1kHz, before continuing to increase – at a slower rate – until reaching just under 0dB at ~20kHz and levelling out at that attenuation until 300kHz.
The Low Pass Filter RC Network results showed the inverse of the high pass filter results. Starting at 0dB, the attenuation slowly but steadily decreased until reaching 10kHz and began to decline faster. When it’s -3dB cut-off frequency, at ~45kHz, was reached the attenuation rapidly decreased to ~-21Hz at 300kHz.
[bookmark: _GoBack]What is clear from comparing the measured and calculated results (figures 8 – 13) is that more readings were required in the experiment. The graphs were not expected to be identical, as the calculated results are theoretical and are calculated under the assumption the experiment is carried out in a perfect setting where everything works 100% efficiently and no energy is lost. That is not the case in reality but, even so, the attenuation (figures 8 and 11) and Vout (figures 9 and 12) all have ‘bulges’ either near the -3dB cut-off frequency or toward to peak of the attenuation. These are caused by a lack of data points that require interpolation to improve. The results above could be improved by repeating the experiment and taking more data points at regular intervals.

[bookmark: _Toc132035720]Conclusion
This experiment has proven that a high pass filter will attenuate frequency components below its cut-off frequency, passing through high frequency signals, and that a low pass filters, contrastingly, attenuate components above its cut-off frequency – thus passing through lower, and some higher, frequency signals. The respective cut-off frequencies are at ~1kHz in the high pass filter and ~45kHz in the low pass filter. 
The results of this experiment also show that the voltage out (or Vout) also follows a similar trend; as figures 10 and 13 of the ‘Results’ section show. They do not follow the trend exactly, but much like the rapid increase or decrease seen in the attenuation, you also see a similar large increase or decrease in voltage at after the cut-off frequency.
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Figure 14 
Logarithmic Graph showing the calculated Attenuation over Frequency for the High Pass Filter
)Appendix
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Figure 15 
Logarithmic Graph showing the 
measured
 Attenuation over Frequency for the High Pass Filter
)
 (
Figure 16 
Logarithmic Graph showing the calculated Voltage Out over Frequency for the High Pass Filter
)
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Figure 17 
Logarithmic Graph showing the 
measured
 Voltage Out over Frequency for the High Pass Filter
)
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Figure 19 
Logarithmic Graph showing the 
measured
 Attenuation over Frequency for the Low Pass Filter
) (
Figure 18
 Logarithmic Graph showing the calculated Attenuation over Frequency for the 
Low
 Pass Filter
)

 (
Figure 20 
Logarithmic Graph showing the 
calculated
 Voltage Out over Frequency for the 
Low
 Pass Filter
)

 (
Figure 21 
Logarithmic Graph showing the 
measured
 Voltage Out over Frequency for the 
Low
 Pass Filter
)

Measured & Calculated Attenuation (Hz) over Frequency (Hz) 
Attenuation (Calculated)	300000	150000	100000	50000	10000	1000	500	450	400	350	300	250	200	150	100	-5.4324636722043597E-5	-2.1729446981914722E-4	-4.8889726910894874E-4	-1.955258944066457E-3	-4.8619313561806966E-2	-3.2752054960853041	-7.4061243313133582	-8.168681793921122	-9.0505037504027808	-10.081797260454062	-11.306163894841635	-12.790427646707034	-14.645606805642604	-17.078694161249963	-20.552983960036034	Attenuation (Measured)	300000	150000	100000	50000	10000	1000	500	450	400	350	300	250	200	150	100	-0.24667470147450968	-0.14009803137316978	-0.17547848615010203	-0.35457533920863205	-0.500560114038621	-3.8764005203222562	-8.0460962814897528	-8.8739499846542547	-9.6825231257664193	-10.692342971031634	-11.971989184369118	-13.47328278142497	-15.493814365482743	-17.855800607042632	-21.110346556996625	Frequency (Hz)

Attenuation (dB)



Measured & Calculated Vout (V) over Frequency (Hz)
Vout (Calculated)	300000	150000	100000	50000	10000	1000	500	450	400	350	300	250	200	150	100	4.9999687283231173	4.9998749168128578	4.9997185760292782	4.9988745891495787	4.9720906575582182	3.4293335597311958	2.1313942399467067	1.9522521718182693	1.763781637127841	1.5663187302502584	1.3603849215768913	1.1466968566194149	0.92616777060069033	0.69989887634351644	0.46915981497116649	Vout (Measured)	300000	150000	100000	50000	10000	1000	500	450	400	350	300	250	200	150	100	4.8599999999999994	4.92	4.9000000000000004	4.8	4.72	3.2	1.98	1.8	1.64	1.46	1.26	1.06	0.84	0.64	0.44	Frequency (Hz)

Vout (V)



Vout (V) Cut-Off
Measured & Calculated 
Vout (Calculated)	300000	150000	100000	50000	10000	1000	500	450	400	350	300	250	200	150	100	4.9999687283231173	4.9998749168128578	4.9997185760292782	4.9988745891495787	4.9720906575582182	3.4293335597311958	2.1313942399467067	1.9522521718182693	1.763781637127841	1.5663187302502584	1.3603849215768913	1.1466968566194149	0.92616777060069033	0.69989887634351644	0.46915981497116649	Vout (Measured)	300000	150000	100000	50000	10000	1000	500	450	400	350	300	250	200	150	100	4.8599999999999994	4.92	4.9000000000000004	4.8	4.72	3.2	1.98	1.8	1.64	1.46	1.26	1.06	0.84	0.64	0.44	Frequency (Hz)

Vout (V)



Measured & Calculated Attenuation (Hz) over Frequency (Hz) 
Attenuation (Calculated)	100	1000	10000	20000	30000	40000	50000	100000	150000	200000	250000	300000	-5.3767199144288322E-5	-5.3734276154870555E-3	-0.50690696302579208	-1.747043046954972	-3.251540506409762	-4.7434290245437962	-6.1226535352194125	-11.264701275032296	-14.602356997961419	-17.034781881300091	-18.941925066356646	-20.508585922764663	Attenuation (Readings)	100	1000	10000	20000	30000	40000	50000	100000	150000	200000	250000	300000	-0.10486110824743865	-0.10486110824743865	-0.76209052664299204	-2.2476539932852768	-3.9856584343522994	-5.4817673540990359	-6.8972313037723589	-11.971989184369118	-15.289431061849022	-17.588521375883001	-18.562359853877489	-20.724243453088892	Frequency (Hz)

Attenuation (dB)



Vout (V) Cut-Off 
Measured & Calculated
Vout (Calculated)	100	1000	10000	20000	30000	40000	50000	100000	150000	200000	250000	300000	4.9999690492079853	4.9969077630059564	4.716552318049561	4.0890069808069667	3.438689630561119	2.895999970550978	2.4707984918397501	1.3668943254789894	0.93079095516615573	0.70344623618584834	0.56477277205331622	0.47156407089368424	Vout (Measured)	100	1000	10000	20000	30000	40000	50000	100000	150000	200000	250000	300000	4.9399999999999995	4.9399999999999995	4.58	3.86	3.16	2.66	2.2599999999999998	1.26	0.86	0.66	0.59000000000000008	0.45999999999999996	Frequency (Hz)

Vout (V)



Vout (V) over Frequency (Hz)
Vout (Calculated)	100	1000	10000	20000	30000	40000	50000	100000	150000	200000	250000	300000	4.9999690492079853	4.9969077630059564	4.716552318049561	4.0890069808069667	3.438689630561119	2.895999970550978	2.4707984918397501	1.3668943254789894	0.93079095516615573	0.70344623618584834	0.56477277205331622	0.47156407089368424	Vout (Measured)	100	1000	10000	20000	30000	40000	50000	100000	150000	200000	250000	300000	4.9399999999999995	4.9399999999999995	4.58	3.86	3.16	2.66	2.2599999999999998	1.26	0.86	0.66	0.59000000000000008	0.45999999999999996	Frequency (Hz)

Vout (V)



Calculated Attenuation (dB) over Frequency (Hz)
Att(dB)	300000	150000	100000	50000	10000	1000	500	450	400	350	300	250	200	150	100	-5.4324636722043597E-5	-2.1729446981914722E-4	-4.8889726910894874E-4	-1.955258944066457E-3	-4.8619313561806966E-2	-3.2752054960853041	-7.4061243313133582	-8.168681793921122	-9.0505037504027808	-10.081797260454062	-11.306163894841635	-12.790427646707034	-14.645606805642604	-17.078694161249963	-20.552983960036034	Frequency (Hz)

Calculated Attenuation (dB)


Measured Attenuation (Hz) over Frequency (Hz) 
Attenuation (Measured)	300000	150000	100000	50000	10000	1000	500	450	400	350	300	250	200	150	100	-0.24667470147450968	-0.14009803137316978	-0.17547848615010203	-0.35457533920863205	-0.500560114038621	-3.8764005203222562	-8.0460962814897528	-8.8739499846542547	-9.6825231257664193	-10.692342971031634	-11.971989184369118	-13.47328278142497	-15.493814365482743	-17.855800607042632	-21.110346556996625	Frequency (Hz)

Attenuation (dB)


Vout (V) over Frequency (Hz)
Vout	300000	150000	100000	50000	10000	1000	500	450	400	350	300	250	200	150	100	4.9999687283231173	4.9998749168128578	4.9997185760292782	4.9988745891495787	4.9720906575582182	3.4293335597311958	2.1313942399467067	1.9522521718182693	1.763781637127841	1.5663187302502584	1.3603849215768913	1.1466968566194149	0.92616777060069033	0.69989887634351644	0.46915981497116649	Frequency (Hz)

Vout (V)


Measured Vout (V) over Frequency (Hz)
Vout (Measured)	300000	150000	100000	50000	10000	1000	500	450	400	350	300	250	200	150	100	4.8599999999999994	4.92	4.9000000000000004	4.8	4.72	3.2	1.98	1.8	1.64	1.46	1.26	1.06	0.84	0.64	0.44	Frequency (Hz)

Vout (V)


Measured Attenuation (Hz) over Frequency (Hz) 
Attenuation (Readings)	100	1000	10000	20000	30000	40000	50000	100000	150000	200000	250000	300000	-0.10486110824743865	-0.10486110824743865	-0.76209052664299204	-2.2476539932852768	-3.9856584343522994	-5.4817673540990359	-6.8972313037723589	-11.971989184369118	-15.289431061849022	-17.588521375883001	-18.562359853877489	-20.724243453088892	Frequency (Hz)

Attenuation (dB)


Attenuation (dB) over Frequency (Hz) - Calculated
Att (dB)	100	1000	10000	20000	30000	40000	50000	100000	150000	200000	250000	300000	-5.3767199144288322E-5	-5.3734276154870555E-3	-0.50690696302579208	-1.747043046954972	-3.251540506409762	-4.7434290245437962	-6.1226535352194125	-11.264701275032296	-14.602356997961419	-17.034781881300091	-18.941925066356646	-20.508585922764663	Frequency (Hz)

Attenuation (dB)


Calculated Vout (V) over Frequency (Hz)
Vout	100	1000	10000	20000	30000	40000	50000	100000	150000	200000	250000	300000	4.9999690492079853	4.9969077630059564	4.716552318049561	4.0890069808069667	3.438689630561119	2.895999970550978	2.4707984918397501	1.3668943254789894	0.93079095516615573	0.70344623618584834	0.56477277205331622	0.47156407089368424	Frequency (Hz)

Vout (V)


Measured Vout (V) over Frequency (Hz)
Vout (Measured)	100	1000	10000	20000	30000	40000	50000	100000	150000	200000	250000	300000	4.9399999999999995	4.9399999999999995	4.58	3.86	3.16	2.66	2.2599999999999998	1.26	0.86	0.66	0.59000000000000008	0.45999999999999996	Frequency (Hz)

Vout (V)
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