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Abstract
For this assignment, I was tasked with investigating the characteristics of passive high pass and low pass filter circuits. Firstly, I did some theoretical calculations in an excel spreadsheet to try and see what kind of results I should be expecting from the experiment. Using the tools in excel to create theoretical data was very useful as I was able to have many data points in my table and chart which wouldn’t be practical enough when I conduct the experiment. Once this was done, I was then able to move onto the practical exercise where I created both a high pass and low pass filter circuits using a breadboard with wires. I also used an input generator to change the frequency and an oscilloscope to view the output voltage of the circuit. This was then recorded on my second spreadsheet for experimental data so I could conduct further analysis on. After obtaining my results, I could see that they followed the expected pattern shown by my theoretical data which made me quite confident that this was a successful experiment. 



















Introduction
The electrical circuits I built for this investigation were high pass and low pass filter circuits. [2]Unwanted signals are filtered out using passive RC filters as they separate and allow only the sine wave input signals based upon their frequency. [3]Low pass filters can be used in audio speakers to reduce the high frequency hiss produced in the system. They can also be used in audio amplifiers and equalizers. Equalizers are commonly used in radio and recording studios, live sound recordings and in production control rooms. Before conducting the experiment, I will first use an excel spreadsheet to create some theoretical data in order to see what I could expect from the experiment results. After doing so, I could then begin building the circuits on breadboards and connecting them to an input generator and an oscilloscope so the output voltage could be recorded for each different frequency used. After repeating the experiment for both circuits, I could then analyse the data retrieved and discuss my results within this report.



















Circuit Descriptions
For this experiment, I will be evaluating the output voltage of a high pass and low pass filter circuit dependent on the input frequency. From there, I will be able to calculate the attenuation and create a graph to display my results.
Figure 2: High Pass Filter Circuit
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As seen in figure 2, this is how my high pass filter circuit was set up, using a resistor and capacitor fitted into a breadboard with wires attached to crocodile clips and probes.
Figure 3: Complete Apparatus
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The probes were then connected to an oscilloscope so I could take readings of output voltage. After the input generator was connected to change the frequency, the apparatus was complete and ready to begin the experiment. The input voltage I used for my low pass filter circuit was 5V. With my high pass filter, I attempted to set it to 5 volts but it displayed an input voltage of 10V. Due to the fault in the equipment used, I was unable to have the input voltage be consistent across both circuits. However, I still carried on with my experiment. I used my input generator to set the frequency to 10Hz and from that, I measured the output voltage on my oscilloscope. I repeated this process while increasing the frequency steadily until I reached 300kHz on the low pass filter circuit. With the high pass filter circuit, I started at 10Hz but only went up to 100kHz since I had reached an output voltage of 10V, the same as my input.




















Results
Figure 4: Low Pass Filter Output Voltage – Frequency
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Figure 5: Low Pass Filter Attenuation – Frequency
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Figure 6: High Pass Filter Output Voltage – Frequency
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Figure 7: High Pass Filter Attenuation – Frequency
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Discussion
After recording my results in an excel spreadsheet, I then transferred my data from a table into multiple graphs as shown in figures 4, 5, 6 & 7. This allowed me to display my findings in a more visibly appealing manner. The independent variable in this experiment was the frequency that I controlled from the input generator and the dependent variable was the output voltage I measured from the oscilloscope. From this, I was able to calculate the attenuation by using the equation: . This is what allowed me to plot my second graph for each filter circuit. From figure 4, in regards to the low pass filter circuit, we can see that the output voltage is initially the same as the input voltage (5V) when the frequency is low. However, around 3kHz the output voltage starts to drop off. This gradually continues until we reach the maximum frequency we use (300kHz) where the output voltage is 0.45V. The attenuation follows the same pattern as the output voltage as seen in figure 5, with a drop off in decibels occurring after the 3kHz mark. Electronics-tutorials.ws, 2018m explains that this is because a [4]low pass filter is intended to produce high attenuation beyond a specified frequency and little to no attenuation below that frequency. The frequency in which this transition occurs is referred to as the “cut-off frequency.” From the investigation brief, I was required to find the -3dB cut off frequency which was 50kHz from looking at figure 5. [4]In a low pass filter circuit the reactance of a capacitor varies inversely with frequency, while the resistor stays the same as the frequency changes. At lower frequencies, the capacitive reactance, (XC) of the capacitor will be quite large in comparison to the value of the resistor, R. This is evident when looking at a portion of my theoretical data, figure 8.
Figure 8: Theoretical data for the low pass filter
	f (Hz)
	Xc (Ω)
	Z (Ω)
	Vout (V)
	A (dB)

	100
	2842052.555
	2842070.148
	4.999969049
	-5.37672E-05

	1000
	284205.2555
	284381.1303
	4.996907763
	-0.005373428

	10000
	28420.52555
	30128.49602
	4.716552318
	-0.506906963

	13600
	20897.44526
	23166.85603
	4.510203118
	-0.89547807

	18550
	15321.03803
	18295.74285
	4.187050004
	-1.541237137

	23500
	12093.84066
	15692.70474
	3.853332126
	-2.262671221

	28450
	9989.639913
	14134.81183
	3.53370106
	-3.014803951

	33400
	8509.139387
	13130.3257
	3.240262115
	-3.767797226

	38350
	7410.828045
	12446.70126
	2.977024952
	-4.503750593

	43300
	6563.631767
	11961.65799
	2.743612871
	-5.212943454

	48250
	5890.264363
	11605.82674
	2.537632388
	-5.890825916

	53200
	5342.204051
	11337.51049
	2.355986376
	-6.535944592

	58150
	4887.450654
	11130.46153
	2.195529197
	-7.148615748

	63100
	4504.045254
	10967.51675
	2.053356907
	-7.730111219

	68050
	4176.418156
	10837.08764
	1.926909836
	-8.282172212

	73000
	3893.222678
	10731.13148
	1.813985173
	-8.806725428

	77950
	3645.994298
	10643.93134
	1.712710361
	-9.305721588

	82900
	3428.290175
	10571.33736
	1.621502587
	-9.781047167



The voltage potential across the capacitor will be much bigger than the voltage drop across the resistor. At higher frequencies, the reverse is true, where VC is a small value and VR is large because of the change in capacitive reactance.
In opposition to the low pass filter, [5]the high pass filter circuit only allows signals above the cut-off point. This removes any low frequency signals from the waveform, electronics-tutorials.ws, 2019. As seen in figure 7, the attenuation is null at the high frequencies but started at -24dB from a frequency of 10Hz. Looking at the same graph, we can see that the -3dB cut off frequency for this high pass filter is 140Hz, much lower than the low pass filter circuit. In a high pass filter circuit, when the frequency is low, the capacitor reactance (XC) is very high so the capacitor behaves like an open circuit and eliminates any input signals until the cut off frequency is reached. Beyond this cut off frequency, the capacitor reactance has adequately lessened to behave more like a short circuit allowing all of the input signal to pass directly to the output as shown in figure 7. 



















Conclusion
[bookmark: _GoBack]In this experiment, it has been determined that the high pass and low pass filter circuits I built and tested do follow the expected results shown by my theoretical data. The low pass filter blocks out the input signals at higher frequency which produces the curve seen in figure 4 and 5. In direct comparison to that, the high pass filter blocks the input signal at low input frequencies, causing the attenuation seen in figure 7. As stated in the previous discussion, this means that the capacitor acts like an open circuit, eliminating those signals. However, beyond the cut off frequency, it acts more like a short circuit, letting the entire input signal pass through to the output. This is why the output voltage seen in figure 6 plateaus at 10V, the same as the input voltage, at higher frequencies. The opposite is true for the low pass filter circuits as the output voltage is initially the same as the input voltage (5V) then drops off at the cut off frequency. One distinct difference from the two circuits is the cut off frequency. The low pass filter’s cut off is at 50000 Hz while the high pass cut off is just 140 Hz.
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