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Abstract
The purpose of this assignment is to develop the skills and experience in the electronic discipline by conducting exercises including practical measurements and data analysis. This has been completed by setting up two experiments, the first a simulation of an RLC circuit, which uses a signal generator and a virtual oscilloscope to generate ideal readings. The second experiment consists of a physical RLC circuit built on a breadboard; this is then tested using a physical oscilloscope.
The data is then correlated and translated onto logarithmic graphs which show the VLC values, the rate of attenuation and the power output. The data has been used to determine the bandwidth and the quality factor of a signal / frequency. 
The results of the experiments have shown that there are many variables in the real world which reduce functioning properties, these can include the resistance within all the materials and the medium transfer / attenuation.
It is determined that the physical circuit needs to be adjusted to compensate for the external factors, by using the simulation as a guide.
The work required to complete this report has resulted in a more general understanding of RLC circuits and its properties.
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1.0 Introduction
This report has been developed for the purpose of improving the experience and skillset within the electronic discipline. It focuses on the deployment of practical measurements and data analysis of an RLC circuit (includes resistors, inductors and capacitors). 
An exercise has been completed, which consists of constructing a virtual and a physical RLC circuit, both are tested using virtual and physical testing equipment. 
The data is then collected, interpreted and presented by means of suitable graphs and tables. 

1.1 Aim and Objectives
The aim is to develop and improve practical electronic / electrical measurement skills and record and analyse data by conducting a laboratory exercise. To guide the development of the skills, the following objectives have been determined:
· Develop and assess a computer simulation of a suitable circuit.
· Develop and assess a physical copy of the simulated circuit.
· Determine and appraise the resonant frequency of the circuit.
· Determine and appraise the Q factor.















1.2 Background Research
The exercise focus on an RLC circuit, this consists of the connection of a resistor, inductor, capacitor and a power source such as a battery. These are typically used within tuning circuits for analogue radios. The RLC circuit can be used either as high pass filter, low pass filter, band pass filter or band stop filter. This can be accomplished by narrowing in on specific radio wave frequencies. [1] [2] [3]
The purpose of the low pass filter is to take in signals and filter the high frequency range. Thus, outputting of low frequencies. [4] [5]
The purpose of the high pass filter is to take in signals and filter the low frequency range. This, outputting of high frequencies. [2] [6]
The purpose of the band pass filter is to take in signals and filter every frequency outside the bandwidth. This function makes it possible to isolate and focus on a specific frequency, by removing the surrounding noise. [2] [6]
The purpose of the band stop is to take in signals and filter every frequency within the bandwidth. This is particularly useful for blocking unwanted signals. [1] [2]
The bandwidth is the frequency range between the low cut-off frequency (Fl) and the high cut-off frequency (FH). The wider the bandwidth is, the more surrounding frequencies are included, this could be interpreted as unwanted noise or wanted noise, dependent on its application. The shorter the bandwidth is, the less surrounding noise there is, again this can be interpreted as wanted or unwanted noise. [4] [5]
The Q factor or quality factor defines the sharpness of tuning. [7]This is expressed as:

The sharpness tuning can be accomplished by changing the values within the circuit. Such as, the increase of impedance (Z), which increases the current and narrows the bandwidth, this provides better quality of signal. In principle, to get a sharp signal, the circuit should be used at a high frequency. If the signal is that of music, where a vast range of frequencies is required, then a low frequency is required. [4] [4]The sharpness of tuning can also be expressed as: 
2.0 Equipment
Throughout the experiment, the following equipment was used for the setup and testing of the simulated and physical RLC circuits:
2.1 Simulation Setup
· Proteus electronic design suite
· Excel (Recording data)

2.2 Physical Setup
· Breadboard
· 1k Resistor
· 1mH Inductor
· 1uF Capacitor
· 4 x Connection wires
· 2 x Passive oscilloscope probes
· Excel (Recording data)
· Tektronix TDS 2002 oscilloscope 
· SJ Electronics LTD MKII universal T&M system










3.0 Methodology
Throughout the exercises, both a simulation and a physical setup had been completed. 
The simulation setup was conducted to provide a fast and easy method of conducting the exercise. The setup used the proteus electronic design suite, which consisted of the 1kΩ resistor connected to a 1mH inductor and a 1uF capacitor. This circuit was then connected to a virtual signal generator and an oscillator, as shown in Figure 1.
[image: ]
Figure 1: Simulation Setup











The physical setup included a breadboard, with the 1KΩ resistor, a 1mH inductor and a 1uF capacitor connected using connection wires. This setup used an SJ Electronics LTD MK2 universal T&M system, which provided a power supply to the circuit and enabled control over the frequency change. A Tektronix TDS 2002 oscilloscope along with two passive oscilloscope probes were used to monitor and determine the capacitor inductor voltage (VLC). As shown in figure 2.
[image: ]
Figure 2: Physical Setup




The virtual and physical oscilloscopes were used to monitor the change in capacitor inductor voltage (VLC), as a range of frequencies from 100Hz up to 20KHz were tested and recorded on to logarithmic scale graph in an excel spreadsheet (see appendix 1 and 2). The corresponding data was added into the following formula, to gain the decibel value (dB). 

The decibel values were then plotted against the corresponding range of frequencies, to show how the attenuation changes in respect to the frequency. 
The graph of attenuation vs frequency was then used to determine the frequency resonance and the Q factor. To determine these values the -3dB line, FL line and FH line are added to the graph and the frequency is then determined using the formula.
 .
The Q factor is then determined using the following formula:

To conclude that all aspects of the circuit have been correctly accounted for, the voltage output was then determined. This was conducted by calculating and adding the impedance and the capacitive reactance, using the following formulae respectively:


The sum of these two formulae is then written as: 

The value of Vout is then calculated using the formula: 

The values of Vout were then plotted to highlight how the voltage changes, as the frequency is altered.
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4.0 Results

Figure 3: Simulated VLC




Figure 4: Physical VLC




Figure 5: Simulated Attenuation / Frequency



Figure 6: Physical Attenuation / Frequency


Figure 7: Simulated Q Factor



Figure 8: Physical Q Factor
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Table 1: Q Factor Results Simulated			Table 2: Q Factor Results Physical


Figure 9: Simulated V-Out




Figure 10: Physical V-Out

5.0 Evaluation
Figure 3 and figure 4 represents how the sum of the capacitor / voltage changes against the frequency. The figures show that the VLC value increases exponentially until it reaches resonance. After resonance has been determined, any higher frequencies will lower the VLC value.
The data represented in figure 5 and 6 measures the rate of attenuation as the frequency increases. This is due to a damping effect as a result of the resistance within the circuit as well as an energy loss through the medium. 
The data shown on table 1 and 2 represent the half power point (-3dB). The low cut-off frequency (Fl), the high cut off frequency (FH), the frequency resonant frequency (Fres), the bandwidth (BW) and the Q factor.
As previously discussed, the size of the bandwidth controls the quality factor / sharpness of tuning, the narrower the bandwidth is, the less noise surrounds it, the wider the bandwidth increases the amount of noise. With respect to figure 7 and 8 it is clear that the simulation setup has a significantly reduced bandwidth, this is a very high-quality bandwidth. However, the physical setup presents a bandwidth of more than 4 times the size of the simulation. Thus, producing a noisy signal. This is further represented with the Q factor, as shown the quality of the simulation setup is almost 6 times that of the physical setup.
Figures 9 and 10 depicts the remaining voltage output by comparing the voltage-in against the frequency. The data presented in both graphs show a strong correlation in regarding the voltage in and the voltage out, as such, the voltage in for the Proteus setup is double that of the breadboard run, thus the voltage out on the simulation is also double that of the breadboard setup.
By considering the information gathered, it is evident that there are many factors in the real world which affect the overall quality of the circuit. The simulation version provides an ideal example of the circuit. This can then be used to guide modifications within the physical circuit.


6.0 Conclusion
The aim of the assignment was to develop and improve analytical experience and skillset within the electronics discipline. 
By conducting the experiments, it does indeed improve experience, first within the software used for simulation (Proteus), secondly using instruments to measure properties within the circuit and thirdly, analysing, interpreting and presenting of data using a suitable spreadsheet such as excel.
The background research into the circuit, has led to the discovery and understanding of oscillator circuits, resonance, bandwidths, damping, quality factors and the variety of filters which can be created using the circuit type.
Further studies have led to the understanding of how the frequencies can be adjusted within the circuit, in order to block or transmit signals, such as those within a radio.
The exercise was successfully conducted and the comparison between the simulated setup and the physical setup has shown there to be many variables which affect the physical setup, these should be taken into account, when developing the circuit to reach close to the simulated / ideal results.
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Table 3: Proteus Data






8.0 Appendix 2
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Table 4: Breadboard Data


Graph of Capacitor / Inductor Voltage vs Frequency

VLC	100	200	500	1000	2000	2500	3000	3500	4000	4500	5032	5500	6000	6500	7000	7500	8000	10000	20000	2.5999999999999999E-3	5.1000000000000004E-3	1.2800000000000001E-2	3.0380000000000001E-2	6.2E-2	8.5000000000000006E-2	0.12	0.192	0.318	0.69499999999999995	3.52	0.66500000000000004	0.36199999999999999	0.254	0.19400000000000001	0.16200000000000001	0.13600000000000001	9.0999999999999998E-2	3.56E-2	Frequency (Hz)


Peak to Peak Volatge (V)
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Graph of Attenuation vs Frequency
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Graph of Attenuation vs Frequency
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Graph of Attenuation vs Frequency
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Graph of Attenuation vs Frequency
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R 1000

C 1.00E-06 Frequency Vin VLC dB Zl Xc ZLC Vout

L 1.00E-03 100 4 0.0026 -63.741732876+0.628318530717959j -1591.54943091895j 6.0046548100132+0.605920723305281j 0.0239965

Lr 6 200 4 0.0051 -57.88979636+1.25663706143592j -795.774715459477j 6.01865138423494+1.21317326553229j 0.024411868

Fres 4850 500 4 0.0128 -49.897000436+3.14159265358979j -318.309886183791j 6.1179946671507+3.05643699500117j 0.027189454

1000 4 0.03038 -42.389444446+6.28318530717959j -159.154943091895j 6.49334533147521+6.28657602906975j 0.035917875

2000 4 0.062 -36.193366046+12.5663706143592j -79.5774715459477j 8.39402353878759+14.1713215506899j 0.065328175

2500 4 0.085 -33.452821316+15.707963267949j -63.6619772367581j 10.4115493575714+19.5506199848958j 0.087671043

3000 4 0.12 -30.457574916+18.8495559215388j -53.0516476972984j 14.0048937447819+26.7811291641669j 0.119176582

3500 4 0.192 -26.375175256+21.9911485751286j -45.4728408833987j 21.1217048580191+37.1893882002842j 0.16742585

4000 4 0.318 -21.992657436+25.1327412287183j -39.7887357729738j 37.8745217165852+52.7260615011194j 0.249878761

4500 4 0.695 -15.201503736+28.2743338823081j -35.3677651315323j 86.9503473430589+67.428286697493j 0.404141442

5032 4 3.52 -1.1103465576+31.6169884657277j -31.6285657972765j 166.727074976614-31.3068566930822j 0.581386582

5500 4 0.665 -15.584766926+34.5575191894877j -28.9372623803446j 74.3363312407331-98.5688076840859j 0.457737172

6000 4 0.362 -20.867028426+37.6991118430775j -26.5258238486492j 26.2475374285096-75.4043729875281j 0.31036331

6500 4 0.254 -23.944525496+40.8407044966673j -24.4853758602916j 11.8525206353292-56.7940208869972j 0.228991611

7000 4 0.194 -26.285165236+43.9822971502571j -22.7364204416993j 6.36386921170484-45.2707505519107j 0.1815235

7500 4 0.162 -27.850899546+47.1238898038469j -21.2206590789194j 3.82176060469818-37.7199835320752j 0.150968475

8000 4 0.136 -29.370421666+50.2654824574367j -19.8943678864869j 2.47777946904591-32.4365219091436j 0.129734569

10000 4 0.091 -32.860371986+62.8318530717959j -15.9154943091895j 0.679356029746023-21.2276461790402j 0.084877287

20000 4 0.0356 -41.012199876+125.663706143592j -7.95774715459477j 0.0273531669467391-8.49435227907011j 0.03397543

Proteus Run
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R 1000

C 1.00E-06 Frequency Vin VLC dB Zl Xc ZLC Vout

L 1.00E-0.3 100 2 0.027 -37.393324636+0.628318530717959j -1591.54943091895j 6.0046548100132+0.605920723305281j 0.01199825

Lr 6 200 2 0.029 -36.772639966+1.25663706143592j -795.774715459477j 6.01865138423494+1.21317326553229j 0.012205934

Fres 4305 500 2 0.031 -36.193366046+3.14159265358979j -318.309886183791j 6.1179946671507+3.05643699500117j 0.013594727

1000 2 0.039 -34.199307776+6.28318530717959j -159.154943091895j 6.49334533147521+6.28657602906975j 0.017958937

2000 2 0.068 -29.370421666+12.5663706143592j -79.5774715459477j 8.39402353878759+14.1713215506899j 0.032664088

2500 2 0.088 -27.130946476+15.707963267949j -63.6619772367581j 10.4115493575714+19.5506199848958j 0.043835522

3000 2 0.13 -23.741732876+18.8495559215388j -53.0516476972984j 14.0048937447819+26.7811291641669j 0.059588291

3500 2 0.165 -21.670921036+21.9911485751286j -45.4728408833987j 21.1217048580191+37.1893882002842j 0.083712925

4000 2 0.24 -18.416375086+25.1327412287183j -39.7887357729738j 37.8745217165852+52.7260615011194j 0.12493938

4500 2 0.37 -14.656565436+28.2743338823081j -35.3677651315323j 86.9503473430589+67.428286697493j 0.202070721

5032 2 0.45 -12.956349646+31.6169884657277j -31.6285657972765j 166.727074976614-31.3068566930822j 0.290693291

5500 2 0.375 -14.539974566+34.5575191894877j -28.9372623803446j 74.3363312407331-98.5688076840859j 0.228868586

6000 2 0.275 -17.233946046+37.6991118430775j -26.5258238486492j 26.2475374285096-75.4043729875281j 0.155181655

6500 2 0.22 -19.17214636+40.8407044966673j -24.4853758602916j 11.8525206353292-56.7940208869972j 0.114495806

7000 2 0.175 -21.159838946+43.9822971502571j -22.7364204416993j 6.36386921170484-45.2707505519107j 0.09076175

7500 2 0.14 -23.09803926+47.1238898038469j -21.2206590789194j 3.82176060469818-37.7199835320752j 0.075484238

8000 2 0.13 -23.741732876+50.2654824574367j -19.8943678864869j 2.47777946904591-32.4365219091436j 0.064867285

10000 2 0.084 -27.535014196+62.8318530717959j -15.9154943091895j 0.679356029746023-21.2276461790402j 0.042438643

20000 2 0.033 -35.650321126+125.663706143592j -7.95774715459477j 0.0273531669467391-8.49435227907011j 0.016987715

Breadboard Run
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