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[bookmark: _Toc160644412]Abstract

[bookmark: _Hlk160644472]This report will present the results from a series of laboratory experiments performed in setting up and measuring the input and output voltages of a low pass and high pass filter circuit. Two circuits were assembled and connected to an oscilloscope via a function generator, with an AC input voltage applied. By increasing or decreasing the frequency through the function generator, measurements of the corresponding input and output voltages recorded. The attenuation levels were recorded and plotted to show the difference between the low and high pass circuits and at what frequencies the signals passed and which were filtered out. 
The results intend to highlight the difference between the low pass and high pass filter attenuation signals and the cutoff point of each circuit. Calculations will be made for capacitive reactance (Xc) to calculate the theoretical output voltages for each circuit and comparisons made with the experimental values. Calculations will also be made for attenuation levels for both circuits and the calculated frequency for the attenuation of -3 decibels. The results will show that despite variations between the theoretical and experimental values, the readings were still within the tolerance range of the resistor.












[bookmark: _Toc160644413]Introduction
Filters in electrical circuits are designed to pass or block signals with frequencies within certain bands and fall into two main categories: high pass and low pass. A simple high and low pass circuit is constructed using a resistor and a capacitor in series with each other and, depending on requirements, one of them will be in parallel with the required circuit load. An RC circuit with the resistor before capacitor, known as a low pass filter, will remove high frequencies and allow only low frequencies to pass, whereas a circuit with the capacitor before resistor, known as a high pass filter, will remove low frequencies and allow high frequencies to pass. 
Both high and low pass filters are used extensively in circuits for audio processing. Low pass filter circuits have many uses in electronic equipment including the removal of high frequencies in audio circuits, for smoothing out the signal output to rectifiers and for filtering out the harmonics in inverters. In contrast, high pass filters are used for removing low frequency noise from audio circuits and attenuating high frequency signals in circuits for audio equalization and speech processing. High frequency filters are also used in instrumentation such as sensors and measuring equipment for removing noise to ensure accurate readings. (Bird, 2007, pp. 559-586)
[bookmark: _Toc160644414]Aims
This report aims to show the theory of capacitor reactance, in that the complex impedance of a capacitors value changes with respect to the applied frequency. This will be shown experimentally by replacing one of the resistors in a voltage divider circuit (figure 1) with a capacitor and varying the frequency through the circuit. The aim is to highlight the position of the capacitor with respect to the resistor and the load, and how this positioning will determine whether the circuit attenuates high or low frequencies. 

[image: A diagram of a circuit

Description automatically generated]
Figure 1- Voltage Divider Circuit



[bookmark: _Toc160644415]Objectives
· Highlight the theory of capacitive reactance. 
· Build a low pass and high pass filter circuit and record the experiment results.
· Compare results with theoretical values.
· Research the effects of capacitive reactance in RC circuits.
· Present results and analyse findings.
· Discuss and explain results and discrepancies between experimental values.
· Present conclusions.
[bookmark: _Toc160644416]
Circuit Descriptions 
The two circuits were built using a 10kΩ resistor and a capacitor connected to an oscilloscope via a function generator, with a 5V input voltage applied. By increasing or decreasing the frequency through the function generator, measurements of the corresponding input and output voltages were recorded. The range of frequencies requested were from 100Hz up to a maximum of 300kHz.
[bookmark: _Toc160644417]Low Pass Circuit
An RC low-pass filter circuit is created by placing a resistor in series with and before a capacitor which is also in parallel with the load (figure 1)
[image: A diagram of a circuit

Description automatically generated]
Figure 2-Low Pass Filter Circuit

The circuit in figure 1 was built on a breadboard (figure 2) and the input of the circuit connected to the output of the signal generator whereby a 5v peak to peak signal was applied. The input signal and output signal from the circuit was then connected to the oscilloscope channels 1 and 2 respectively (figure 3).

The key components used on the breadboard were:
· Resistor – 10KΩ (Resistor has a ±5% tolerance)
· Capacitor – 550pF
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Figure -Signal generator and Oscilloscope.Figure 3- Experiment 1-Low Pass Circuit


· A range of frequencies from 100 Hz to 300 KHz was applied to the circuits and the input and output voltages recorded for that frequency. It can be seen on the oscilloscope in figure 4 that as the 30 kHz frequency is applied to the circuit the capacitor attenuates the signal and the output voltage drops. This can be seen in the phase shift between the input (red) and output (yellow) waves.
[image: A screen with a graph on it
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Figure 4-Oscilloscope showing the voltage phase shift.
· Once all the recordings were taken, the attenuation levels for each frequency were calculated using equation 1.
Equation 1

· Once the results tables had been compiled (as shown in the appendices), the results were then plotted on graphs for analysis.

[bookmark: _Toc160644418]High pass circuit
A High-pass filter circuit is created by placing the capacitor in series with and before a resistor which is also in parallel with the load (figure 5)
[image: A diagram of a circuit
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Figure 5-High Pass Filter Circuit
The same procedure for the low pass circuit was followed except in this case the circuit construction (figure 6) was built to figure 5, and the key components were:
· Resistor – 10kΩ
· Capacitor – 15nF
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Figure 6- Experiment 2-High Pass Filter Circuit
[bookmark: _Toc160644419]Theoretical Calculations
To verify the validity and accuracy of the experimental values the first step was to compile a set of theoretical values for comparison. For each circuit, the calculations were as follows:
· Step 1. Calculate the Capacitive reactance occurring for each frequency using equation 2. 
· Step 2. Calculate the Vout value using equation 3.
· Step 3. Calculate the Attenuation using equation 1.
· Step 4. Calculate the -3-decibel cut off frequency using equation 4.
· Step 5. Calculate the frequency at -3db cut-off for resistor values at ±5% of 10kΩ using equation 4 and apply the results to the experimental results chart.
where:
Xc 	=	Capacitive Reactance (Ω)
f 	= 	Frequency (Hz)
C 	= 	Capacitance (Farads)
Vout 	= 	Output Voltage
Vin 	= 	Input Voltage
R 	=	Resistor value
fc	=	Cut-off frequency

Equation 2


Equation 3


Equation 4



[bookmark: _Toc160644420]Results
[bookmark: _Toc160644421]Low Pass Circuit Theoretical Values

Figure 7 - Theoretical Values of Attenuation against Frequency for Low Pass Circuit


The equation for calculating the frequency cut-off as shown in figures 7 and 11, is shown in equation 5.
Equation 5- Using equation 4 to calculate the frequency cut-off.




Figure 8 - Theoretical Values of Output Voltage against Frequency of Low Pass Circuit

[bookmark: _Toc160644422]Low Pass Circuit Experimental Results

Figure 9 - Experimental Results of Attenuation Against Frequency in Low Pass Circuit.

Figure 10 - Experimental Results of Output Voltage against Frequency in Low Pass Circuit.


Figure 11 - Graph Showing Resistor Tolerance at Frequency Cut-off.


The resistor tolerance of ±5% was calculated as shown in equation 6 and 7 and plotted on the graph in figure 11. 
Resistor (R) = 10kΩ
Resistor (R) +5% =10.5kΩ
Resistor (R) -5% = 9.5kΩ
Therefore: For frequency at +5%
[bookmark: _Hlk160642276]Equation 6– Low Pass Circuit +5% resistor tolerance



For frequency at -5% 

Equation 7 – Low Pass Circuit -5% resistor tolerance






[bookmark: _Toc160644423]High Pass Filter Circuit Theoretical Values

Figure 12 - Theoretical Values of Attenuation Against Frequency for High Pass Circuit


The frequency cut-off as shown in figures 12 and 14 was calculated in equation 8.

Equation 8 - Using equation 4 to calculate the frequency cut-off.





Figure 13 - Theoretical Values of Output Voltage Against Frequency for High Pass Circuit.

[bookmark: _Toc160644424]High Pass Filter Circuit Experimental Results

Figure 14 - Experimental Results of Attenuation Against Frequency for High Pass Circuit.

Figure 15 - Experimental Results of Input and Output Voltage Against Frequency


Figure 16 - Graph Showing Resistor Tolerance at Frequency Cut-off


The resistor tolerance of ±5% was calculated and plotted on the graph in figure 16.
For frequency at +5%

Equation 9 High Pass Circuit +5% resistor tolerance



For frequency at -5% 

Equation 10 - High Pass Circuit -5% resistor tolerance













[bookmark: _Toc160644425]Discussion
[bookmark: _Toc160644426]Low Pass Filter Circuit
[bookmark: _Hlk160644752]The results show that the experiment was successful in terms of accurately measuring the attenuation and output voltages at each frequency point. Comparing the theoretical attenuation values (figure 7) with the values from the experiment (figure 9), the attenuation level remains near zero until around 5000 Hz before starting to fall. What is also apparent from the output voltage results in figures 8 and 10 is that at around the same time the attenuation drops, so too does the output voltage. This is due to Capacitive reactance and the complex impedance of the capacitor and how its reactance decreases as frequency increases. 
Capacitive Reactance occurs due to the alternating current continually charging and discharging the capacitor as the signal changes from positive to negative. The electrons that bounce between the plates inside the capacitor generate a charge that increase with an increase in frequency. The increased current flow lowers the reactance of the capacitor. The capacitor acts like a variable resistor with its reactance inversely proportional to the supply frequency. 
So, when frequency of the input voltage is low then the impedance of the capacitor is high in relation to the resistor. Most of the input voltage will then go across the capacitor which is in parallel with the load. In contrast, when the input frequency is high, the impedance of the capacitor is low in relation to the resistor, so more voltage is lost over the resistor and less is transferred as output voltage. These results agree with the characteristics of low pass filters in that they allow low frequencies to pass and block high frequencies. 
The curves on the graphs of the experimental results also show that they are not as smooth as the theoretical values. There are many reasons for discrepancies between calculated and theoretical values, but the most significant in this experiment will be the tolerance of the resistor. The 10KΩ resistor in these experiments has a tolerance of ±5%. This accounts for the values between the graphs not matching exactly which can be seen as the attenuation curve in figure 9 does not pass directly through the -3-decibel cutoff point that intersects with the frequency cut-off of 28420 Hz, as calculated in equation 5. However, Figure 11 shows that despite this discrepancy, the value is still within the tolerance range of the resistor, which was calculated using equation 4 and applying the 5% tolerance range to the resistor (R) value.
Also to note is the significance of the -3-decibel cut-off frequency as shown in figure 7 whereby signals above this level are passed and ones below are blocked. The frequency cut-off value is where ‘the frequency above which the output voltage falls below 70.7% of the input voltage’ (Kuphaldt, 2024). The value of -3 decibels is chosen because it is the frequency at which the amplitude of the input signal is reduced by 3 decibels.’ (Keim, 2024) This value also intersects nicely with the calculated frequency cut-off and the attenuation curve. 

[bookmark: _Toc160644427]High Pass Filter Circuit

High pass filters work in the same way as low pass filters except that because the resistor is now parallel with the load the circuit has the opposite effect when attenuating the signal. 
This can be seen in figures 12 and 14 in comparing the theoretical and experimental attenuation values. At low frequencies, the signal is blocked and only starts to pass as it reaches the -3-decibel cut-off except this time the cut-off frequency is lower. At low frequencies, the output voltage is also low (figures 13 and 15) because this time the capacitor is not in parallel with the load. As the frequency is increased, so too does the output voltage as the capacitor begins to reduce its reactance and the voltage gets dropped over the resistor instead.
Figure 16 shows that despite the small discrepancy in the attenuation value not intersecting the -3db and frequency cut-off value of 1061 Hz as calculated using equation 6, it still lies within the resistor's tolerance range. 
 











[bookmark: _Toc160644428]Conclusions
In this experiment and report it has been determined that capacitor reactance in low and high pass filters work in a comparable way, but it is the positioning of the capacitor and resistor in relation to the load that defines whether it filters high or low frequencies. It has been found that capacitor reactance (Xc) is inversely proportional to frequency, so the higher the frequency, the lower the reactance which means more voltage is dropped over the resistor as resistors are unaffected by frequency changes.
Low pass filters allow low frequency signals to pass and filter high frequency signals, so when the capacitor is in parallel with the load, it will drop voltage as the frequency is increased and consequently so too the attenuation.
In contrast to this, in a high pass filter circuit, the same reactance occurs in the capacitor as the frequency is increased, but because now the resistor is in parallel with the load, the output voltage readings increase and consequently so too the attenuation. 
The results also highlight that all resistors have a tolerance which need to be considered when comparing theoretical and actual values.
It has also been proven by calculation that -3 decibels is the attenuation cut-off point for both low and high pass filters. 
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[bookmark: _Toc160644431]Loss Pass Filter Circuit Theoretical Values
	Low Pass Filter Theoretical

	Frequency (Hz)
	Xc  Ω
	VOUT (V)
	A(db)

	100
	2842052.56
	5.00
	0.00

	500
	568410.51
	5.00
	0.00

	1000
	284205.26
	5.00
	-0.01

	2000
	142102.63
	4.99
	-0.02

	3000
	94735.09
	4.97
	-0.05

	4000
	71051.31
	4.95
	-0.09

	5000
	56841.05
	4.92
	-0.13

	10000
	28420.53
	4.72
	-0.51

	15000
	18947.02
	4.42
	-1.07

	20000
	14210.26
	4.09
	-1.75

	25000
	11368.21
	3.75
	-2.49

	30000
	9473.51
	3.44
	-3.25

	35000
	8120.15
	3.15
	-4.01

	40000
	7105.13
	2.90
	-4.74

	45000
	6315.67
	2.67
	-5.45

	50000
	5684.11
	2.47
	-6.12

	55000
	5167.37
	2.30
	-6.76

	60000
	4736.75
	2.14
	-7.37

	70000
	4060.08
	1.88
	-8.49

	80000
	3552.57
	1.67
	-9.51

	90000
	3157.84
	1.51
	-10.43

	100000
	2842.05
	1.37
	-11.26

	110000
	2583.68
	1.25
	-12.04

	120000
	2368.38
	1.15
	-12.75

	130000
	2186.19
	1.07
	-13.41

	140000
	2030.04
	0.99
	-14.03

	150000
	1894.70
	0.93
	-14.60

	200000
	1421.03
	0.70
	-17.03

	250000
	1136.82
	0.56
	-18.94

	300000
	947.35
	0.47
	-20.51








[bookmark: _Toc160644432]High Pass Filter Circuit Theoretical Values

	High Pass Filter Theoretical

	Frequency (Hz)
	Xc  Ω
	VOUT (V)
	A(db)

	100
	106103.30
	0.47
	-20.55

	500
	21220.66
	2.13
	-7.41

	1000
	10610.33
	3.43
	-3.28

	2000
	5305.16
	4.42
	-1.08

	3000
	3536.78
	4.71
	-0.51

	4000
	2652.58
	4.83
	-0.30

	5000
	2122.07
	4.89
	-0.19

	10000
	1061.03
	4.97
	-0.05

	15000
	707.36
	4.99
	-0.02

	20000
	530.52
	4.99
	-0.01

	25000
	424.41
	5.00
	-0.01

	30000
	353.68
	5.00
	-0.01

	35000
	303.15
	5.00
	0.00

	40000
	265.26
	5.00
	0.00

	45000
	235.79
	5.00
	0.00

	50000
	212.21
	5.00
	0.00

	55000
	192.92
	5.00
	0.00

	60000
	176.84
	5.00
	0.00

	70000
	151.58
	5.00
	0.00

	80000
	132.63
	5.00
	0.00

	90000
	117.89
	5.00
	0.00

	100000
	106.10
	5.00
	0.00

	110000
	96.46
	5.00
	0.00

	120000
	88.42
	5.00
	0.00

	130000
	81.62
	5.00
	0.00

	140000
	75.79
	5.00
	0.00

	150000
	70.74
	5.00
	0.00

	200000
	53.05
	5.00
	0.00

	250000
	42.44
	5.00
	0.00

	300000
	35.37
	5.00
	0.00








[bookmark: _Toc160644433]Low Pass Filter Circuit Experimental Values

	Low Pass Filter Experimental

	Frequency (Hz)
	Vin (V)
	VOUT (V)
	A(db)

	100
	5.2
	5.04
	-0.27

	500
	5.12
	5.04
	-0.14

	1000
	5.2
	5.04
	-0.27

	2000
	5.12
	5.04
	-0.14

	3000
	5.15
	5.02
	-0.22

	4000
	5.12
	4.96
	-0.28

	5000
	5.12
	4.96
	-0.28

	10000
	5.12
	4.72
	-0.71

	15000
	5.12
	4.45
	-1.22

	20000
	5.12
	4.08
	-1.97

	25000
	5.12
	3.84
	-2.50

	30000
	5.12
	3.44
	-3.45

	35000
	5.12
	3.22
	-4.03

	40000
	5.12
	2.96
	-4.76

	45000
	5.16
	2.72
	-5.56

	50000
	5.12
	2.52
	-6.16

	55000
	5.2
	2.36
	-6.86

	60000
	5.12
	2.2
	-7.34

	70000
	5.12
	1.96
	-8.34

	80000
	5.12
	1.76
	-9.28

	90000
	5.12
	1.6
	-10.10

	100000
	5.2
	1.44
	-11.15

	110000
	5.2
	1.32
	-11.91

	120000
	5.2
	1.2
	-12.74

	130000
	5.2
	1.16
	-13.03

	140000
	5.2
	1.04
	-13.98

	150000
	5.2
	1
	-14.32

	200000
	5.2
	0.8
	-16.26

	250000
	5.2
	0.64
	-18.20

	300000
	5.2
	0.56
	-19.36








[bookmark: _Toc160644434]High Pass Filter Circuit Experimental Values
	High Pass Filter Experimental

	Frequency (Hz)
	Vin (V)
	VOUT (V)
	A(db)

	100
	5.12
	0.60
	-18.62

	500
	5.12
	2.24
	-7.18

	1000
	5.12
	3.52
	-3.25

	2000
	5.12
	4.52
	-1.08

	3000
	5.12
	4.80
	-0.56

	4000
	5.12
	4.92
	-0.35

	5000
	5.08
	4.96
	-0.21

	10000
	5.04
	5.04
	0.00

	15000
	5.04
	5.04
	0.00

	20000
	5.04
	5.04
	0.00

	25000
	5.04
	5.04
	0.00

	30000
	5.04
	5.04
	0.00

	35000
	5.16
	5.16
	0.00

	40000
	5.16
	5.16
	0.00

	45000
	5.16
	5.16
	0.00

	50000
	5.16
	5.16
	0.00

	55000
	5.16
	5.16
	0.00

	60000
	5.16
	5.16
	0.00

	70000
	5.16
	5.16
	0.00

	80000
	5.16
	5.16
	0.00

	90000
	5.16
	5.16
	0.00

	100000
	5.16
	5.16
	0.00

	110000
	5.16
	5.16
	0.00

	120000
	5.16
	5.16
	0.00

	130000
	5.16
	5.16
	0.00

	140000
	5.16
	5.16
	0.00

	150000
	5.16
	5.16
	0.00

	200000
	5.16
	5.16
	0.00

	250000
	5.16
	5.16
	0.00

	300000
	5.16
	5.16
	0.00



Theoretical Attenuation of Low Pass Filter Circuit

Attenuation	100	500	1000	2000	3000	4000	5000	10000	15000	20000	25000	30000	35000	40000	45000	50000	55000	60000	70000	80000	90000	100000	110000	120000	130000	140000	150000	200000	250000	300000	-5.3767199144288322E-5	-1.3439803218355043E-3	-5.3734276154870555E-3	-2.1453934730560377E-2	-4.8123170374477026E-2	-8.5187087079935608E-2	-0.13238057669631906	-0.50690696302579208	-1.0672101638483871	-1.747043046954972	-2.4889901557880294	-3.251540506409762	-4.008146911190086	-4.7434290245437953	-5.4494040124723009	-6.1226535352194125	-6.762435944550111	-7.3695040697958216	-8.4919892806467665	-9.5053407584016814	-10.425026537717873	-11.264701275032296	-12.035855377042036	-12.748000776907247	-13.408985907311395	-14.025304112092838	-14.602356997961419	-17.034781881300095	-18.941925066356646	-20.508585922764663	-3db Cutoff	100	300000	-3	-3	Frequency Cutoff	28420	28420	-25	0	Frequency (Hz)


Attenuation (db)




Low Pass Filter Circuit Output Voltage
(Theoretical)

Output Voltage with Respect to Frequency	100	500	1000	2000	3000	4000	5000	10000	15000	20000	25000	30000	35000	40000	45000	50000	55000	60000	70000	80000	90000	100000	110000	120000	130000	140000	150000	200000	250000	300000	4.9999690492079853	4.999226402587885	4.9969077630059564	4.9876653618238835	4.9723746744482753	4.951202055490084	4.9243733862389467	4.716552318049561	4.4219058976591903	4.0890069808069667	3.7542267214302956	3.438689630561119	3.151829084366065	2.8959999705509785	2.6699295604042081	2.4707984918397501	2.2953462475426969	2.140399302840899	1.8809209352207041	1.6737976987127794	1.5056314486904165	1.3668943254789894	1.2507693647835469	1.1523116840091718	1.0678757120884745	0.99472904426867503	0.93079095516615573	0.70344623618584823	0.56477277205331622	0.47156407089368424	Frequency (Hz)


Output Voltage (Vout)



Attenuation of Low Pass Filter Circuit
(Experimental Values)

Attenuation	100	500	1000	2000	3000	4000	5000	10000	15000	20000	25000	30000	35000	40000	45000	50000	55000	60000	70000	80000	90000	100000	110000	120000	130000	140000	150000	200000	250000	300000	-0.27145614378547739	-0.13678849060610931	-0.27145614378547739	-0.13678849060610931	-0.22207023792343478	-0.27576568971266596	-0.27576568971266596	-0.70655924683486071	-1.2181989998979834	-1.9721959577190162	-2.5663695451936115	-3.496612131078745	-4.0282817855999973	-4.7595649983378436	-5.5616159518602526	-6.1573884038857329	-6.8618268132938534	-7.3369456030724898	-8.340277792387095	-9.2751458632336199	-10.102999566398118	-11.152817030790992	-11.908588248578987	-12.736441951743487	-13.030907088157615	-13.979400086720375	-14.320066872695985	-16.25826713285711	-18.196467393018242	-19.356306332571975	-3db Cutoff	100	300000	-3	-3	Frequency (Hz)


Attenuation (db)




Low Pass Filter Circuit Output Voltage
(Measured)

Output Voltage	100	500	1000	2000	3000	4000	5000	10000	15000	20000	25000	30000	35000	40000	45000	50000	55000	60000	70000	80000	90000	100000	110000	120000	130000	140000	150000	200000	250000	300000	5.04	5.04	5.04	5.04	5.0199999999999996	4.96	4.96	4.72	4.45	4.08	3.84	3.45	3.22	2.96	2.72	2.52	2.36	2.2000000000000002	1.96	1.76	1.6	1.44	1.32	1.2	1.1599999999999999	1.04	1	0.8	0.64	0.56000000000000005	Input Voltage	100	500	1000	2000	3000	4000	5000	10000	15000	20000	25000	30000	35000	40000	45000	50000	55000	60000	70000	80000	90000	100000	110000	120000	130000	140000	150000	200000	250000	300000	5.2	5.12	5.2	5.12	5.15	5.12	5.12	5.12	5.12	5.12	5.16	5.16	5.12	5.12	5.16	5.12	5.2	5.12	5.12	5.12	5.12	5.2	5.2	5.2	5.2	5.2	5.2	5.2	5.2	5.2	Frequency (Hz)


Voltage (V)




Attenuation of Low Pass Filter Circuit
(Experimental Values)

Attenuation	100	500	1000	2000	3000	4000	5000	10000	15000	20000	25000	30000	35000	40000	45000	50000	55000	60000	70000	80000	90000	100000	110000	120000	130000	140000	150000	200000	250000	300000	-0.27145614378547739	-0.13678849060610931	-0.27145614378547739	-0.13678849060610931	-0.22207023792343478	-0.27576568971266596	-0.27576568971266596	-0.70655924683486071	-1.2181989998979834	-1.9721959577190162	-2.5663695451936115	-3.496612131078745	-4.0282817855999973	-4.7595649983378436	-5.5616159518602526	-6.1573884038857329	-6.8618268132938534	-7.3369456030724898	-8.340277792387095	-9.2751458632336199	-10.102999566398118	-11.152817030790992	-11.908588248578987	-12.736441951743487	-13.030907088157615	-13.979400086720375	-14.320066872695985	-16.25826713285711	-18.196467393018242	-19.356306332571975	-3db Cutoff	100	300000	-3	-3	Frequency Cutoff	28420	28420	-25	0	Resistor Tolerance (+5%)	27067	27067	-25	0	Resistor Tolerance (-5%)	29916	29916	-25	0	Frequency (Hz)


Attenuation (db)




Attenuation of High Pass Filter Circuit
(Theoretical Values)

Attenuation	100	500	1000	2000	3000	4000	5000	10000	15000	20000	25000	30000	35000	40000	45000	50000	55000	60000	70000	80000	90000	100000	110000	120000	130000	140000	150000	200000	250000	300000	-20.552983960036034	-7.4061243313133582	-3.2752054960853041	-1.0770089688832878	-0.51186446678557851	-0.29530655220904345	-0.19129438430107681	-4.8619313561806966E-2	-2.1675808086053967E-2	-1.2205951069602282E-2	-7.8157595966738061E-3	-5.4291027815129038E-3	-3.9893898924883335E-3	-3.0547053785892125E-3	-2.413772497898438E-3	-1.955258944066457E-3	-1.6159796075358509E-3	-1.3579121003449407E-3	-9.976910836089932E-4	-7.638777989419916E-4	-6.0356890686795906E-4	-4.8889726910894874E-4	-4.0405127676715319E-4	-3.3951783148653155E-4	-2.8929497295404676E-4	-2.4944425889188398E-4	-2.1729446981914722E-4	-1.2222947704761892E-4	-7.8227261605613415E-5	-5.4324636722043597E-5	-3db Cutoff	100	300000	-3	-3	Frequency Cutoff	1061	1061	-25	0	Frequency (Hz)


Attenuation (db)




High Pass Filter Circuit Output Voltage
(Theoretical)

Output Voltage with Respect to Frequency	100	500	1000	2000	3000	4000	5000	10000	15000	20000	25000	30000	35000	40000	45000	50000	55000	60000	70000	80000	90000	100000	110000	120000	130000	140000	150000	200000	250000	300000	0.46915981497116649	2.1313942399467067	3.4293335597311958	4.4169202296169967	4.7138610963879142	4.8328651434064707	4.8910858426631227	4.9720906575582182	4.9875379579582813	4.9929786243471597	4.9955029107102389	4.996875733727518	4.9977040498759777	4.9982418794042225	4.9986107139044611	4.9988745891495787	4.9990698538891865	4.9992183840587527	4.9994257158286235	4.9995602959269227	4.9996525698794407	4.9997185760292782	4.9997674147980833	4.9998045616453179	4.9998334712001951	4.9998564104038223	4.9998749168128578	4.9999296395521204	4.9999549689711706	4.9999687283231173	Frequency (Hz)


Voltage (Vout)



Attenuation of High Pass Filter Circuit
Experimental Results

Attenuation	100	500	1000	2000	3000	4000	5000	10000	15000	20000	25000	30000	35000	40000	45000	50000	55000	60000	70000	80000	90000	100000	110000	120000	130000	140000	150000	200000	250000	300000	-18.622374211843741	-7.1804388528333574	-3.2545459499539948	-1.0826305232889739	-0.56057447200487076	-0.34609716416940872	-0.2076407158744365	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	-3db Cutoff	100	300000	-3	-3	Frequency (Hz)


Attenuation (db)




High Pass Filter Circuit Output Voltage
(Measured)

Output Voltage	100	500	1000	2000	3000	4000	5000	10000	15000	20000	25000	30000	35000	40000	45000	50000	55000	60000	70000	80000	90000	100000	110000	120000	130000	140000	150000	200000	250000	300000	0.6	2.2400000000000002	3.52	4.5199999999999996	4.8	4.92	4.96	5.04	5.04	5.04	5.04	5.04	5.16	5.16	5.16	5.16	5.16	5.16	5.16	5.16	5.16	5.16	5.16	5.16	5.16	5.16	5.16	5.16	5.16	5.16	Input Voltage	100	500	1000	2000	3000	4000	5000	10000	15000	20000	25000	30000	35000	40000	45000	50000	55000	60000	70000	80000	90000	100000	110000	120000	130000	140000	150000	200000	250000	300000	5.12	5.12	5.12	5.12	5.12	5.12	5.08	5.04	5.04	5.04	5.04	5.04	5.16	5.16	5.16	5.16	5.16	5.16	5.16	5.16	5.16	5.16	5.16	5.16	5.16	5.16	5.16	5.16	5.16	5.16	Frequency (Hz)


Voltage (V)




Attenuation of High Pass Filter Circuit
Experimental Results

Attenuation	100	500	1000	2000	3000	4000	5000	10000	15000	20000	25000	30000	35000	40000	45000	50000	55000	60000	70000	80000	90000	100000	110000	120000	130000	140000	150000	200000	250000	300000	-18.622374211843741	-7.1804388528333574	-3.2545459499539948	-1.0826305232889739	-0.56057447200487076	-0.34609716416940872	-0.2076407158744365	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	-3db Cutoff	100	300000	-3	-3	Frequency Cutoff	1061	1061	-25	0	Resistor Tolerance (+5%)	1010	1010	-25	0	Resistor Tolerance (-5%)	1117	1117	-25	0	Frequency (Hz)


Attenuation (db)
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